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Material: 

Analysis: 



Hot-rolled carbon steel. 



Specimen preparation: 

Magnification: 
Structure constituent; 



i*. !71£ r K s : 



C (carbon) 
SI (silicon) 
Mn t mariRnncse) 
$ £ sulphur) 



hv - lie fan 



- 0.01% 
= 0.27'/ 
■ 0.0 J0# 



hardness in 



Wet grinding, diamond polishing 
and etching Sr. a "5$ concentrated 
nitric acid solution in alcohol 
(5# nif.nl). 



Fcrrite with 
pearl ite and 
is a- iron with 



quantities or 
3Qtne slfijg. Fe r r 1! e 



content, and pcarlitc ir. a lamellar 
aggregate' of rerrite and cement ite 
(cementite = iron carbide = Fe^C). 

iji-o carbon content of the steel is 
below 0.85?, which is the eutectoid 
composition, and it is therefore 
termed hypoeutectold steel. 

The steel is unkilled and the 
phosphorus content is very high. 
The steel is a basic bessemer steel. 



No. 2. 





Material: 


Hot-rolled carbon steel. 


Analysis: 


C (carbon) = 0.15# 
SI (silicon) = 0.?0# 
Mn (manganese) = 0.70^ 
S (sulphur) = 0-OJOjf 
P (phosphorus) = 0, 035J6 


Hardness: 


^JOkg = 155 (Vlckerr, hardness 

kg/mm ) 


Specimen preparation: 


Same as for No. 1. 


Magnification: 


700 x. 



Structure constituents: 



Remarks: 



Ferrite and pearlite. 
The pearlite proportion in the 
steel grows with increasing carbon 
content, the carbon being bound 
chemically in the form of cementite 
(FejC) , which together with ferrite 
forms pearlite. (Only minute 
quantities of carbon can be dissolved 
in ferrite, 0.02JJG being the maximum). 

The steel is a hypoeutectoi d steel. 
It has been killed with silicon before 
teeming. 

As Indicated by the clean ferrite 
grains, the slag content of the steel 
is low. 



( VI ) 



No. 




Material: 
Analyst a: 



liaranens: 



Specimen preparation: 
Magni float ion: 
Structure constituent 
Remarks: 



Hot- rolled carbon steel. 

C (carbon) = 0. 50# 

Si (silicon) - ().3o% 

Mn (manganese) - 0,10% 

S (sulphur) = 0.055% 

p (iihoBphofvts) - n. o?6* 



- 20'l \,VicKcrs "narrtnc 



4v 



kpy ran" ) . 



io. 1. 



Game as for 
700 >:. 

Pearl ite and ferrlte. 

The steel is ,1 hypo'eo tec t oi d steel. 
It has boen killed with silicon 
before teeming. The lamellar 
structure of the pearl its 1s plainly 
visible. 



No. r ). 




Material; 
Analysis: 



Hardness: 



Specimen preparation: 
Magnification: 
Structure constituents 
Remarks: 



Hot-rolled carbon steel. 

C (carbon) = 1.35# 

Si (silicon) = 0. \tf> 

Mn (manganese) = 0. 1 1$ 

. S (sulphur) = 0.02'r^ 

P (phosphorus) = 0.022$ 



HV 



30kP = 311 ( Vickcrs hardness £n 

kg/ mm ) . 



Same as for No. 1. 
700 x. 

Pearl He and oemcrtite network. 

The network of cement ite which is 
formed in the boundaries of the 
austenite grains when the steel is 
cooled from the rolling-temperature 
makes the steel brittle. 
The steel has a hypereutectoi d 
composition. Tt has been killed 
with silicon before teeming. 



( A) ) JS — ; 



No. 6. 





Material: 
Analysi s: 



Hardened carbon stettl. 

C (enrbon) = 0. b0% 

Si (silicon) - 0. ',0% 

Mn I manga in- »c) = 0.'i0% 

S (sulphur) = 0.035$' 

P (phosphorus) - 0. Q*)Q% 



tat tC.r, I\t. _| 

.... 



Kauni fi cat Son: 



Same as for No. 1. 
700 x. 



Structure constituent: 



Karterir.i I. p. 

U ( Q r%B.I I 



soil.'! solution of 
carbon Lji heavily do formed u • ( »j pha) - 
iron, and Is character i wed by its 
needle- tike appearance. 



Re mar Sis: 



The steel is quenched from 'v'iO"C 
(l^aty'F) anri cooled in salt water. 



No. 7- 




Remarks : 



The stool. Is quenched from 775°c 
(l'127'F) and cooled In salt water. 
The hypereutcctold carbon steels 
are not heated to full austonlti sing 
temperature in the hardening, but 
only to about 775°C (lU27°F). 
The cement ite Is therefore not 
dissolved completely, and remnants 
in the form of grains are seen in 
the martensitic matrix. As, however, 
the hardness of the cementite Is 
higher than that of the martens! te, 
the aggregate Jiardness Is not affected 
in the negative direction. 

(AT ) H* J J ^ 



Material: 


Hardened carbon 


steel . 


Analyal s: 


C (carbon) 
Si (silicon) 
Mn (manganese) 
S (sulphur) 
P (nhosphorus) 


= 1.0?% 

= o.?o£ 

= O.'lO^ 
■ 0.050?'; 
= 0.02 0^ 


Hardness: 


" V 30k B = (v 


ckers hardness in 
kg/mm ) . 


Specimen preparation: 


Same as for Ko. 


1 . 


Magnification: 


700 x. 




Structure constituents: 


Fine martens ite 


and carbides. 



mo. a. 




Material: 
Analysis: 



HardfleSiS': 

Specimen preparation: 
M agni f ica t ion : 
Structure const 1 tuents: 



Remarks; 



Hardened carbon steel. 

C (carbon) = O.'lS^ 

Si fsii icon) = 0..25S& 

Mn fmaHganesc) = 0. lfS;6 

S | sulphur) ^ = 0.0?J\« 

f (pfeosphorus) <r o.o6?"X- 



• *"■'' icg/'mia 5 - 

on me ,is for No. 1 . 
TlOO x. 

Mar tens i to an<i t roost its. 

Troostite is n. very finely lame-liar 

pearl! '.e wh: ch frequent 1y precipe tatss 

into n rosette like pafcfc.Rrrt. 

Troostl te is formed in the temperature 
range 700-500°C ( 129?-'>52 °F) by 
comparatively rapid cooling;. The 
troostlte is softer than the martens! t 



and it it 



BOB 



obtain Full quenching hardness when 
troostitn occurs in the structure. 




Hardened carbon steel. 

C (carbon) = \. v jQ% 

Si (silicon) = 0.?5^ 

Mn ( manganese) = Q.Yjf, 

S (sulphur) 

P (phosphorus) aot "tated 

HV 30kg = (Vickerr. hardness in 

kg/mm 1 ) . 

Same as for No. 1. 
700 x. 

Very coarse, tetragonal martens lie 
(light) and larpc quantities of 
retained austcnite (dark). 

The Steel is quenched from 100O°C 
( 1032 °F), i.e. from too high a 
temperature. There 1.6 a great risk 
of the occurrence of quenching cracks 



Material: 
Analysis: 

Hardness: 

Specimen preparation: 
Magnification: 
Structure constituents: 

Remarks: 



No. 10. 




K.itcri al: 
Artajy'sl a: 



Har rt fried cnrluw sb©el, 



ii.inriest,: 

Specimen preparation: 
tiin&ii ri::; 1 -'- i ami 
Structure consti linen' 



C (.carbon) 

[silicon) 
1-1 :-. •. man (.'a none ) 
B {sulp'vr) 



= n. vti 



i tot: s i.a ksv 



.'.;- r.v fi«rdii«s 6 J 



Same for B©» L. 
700 X, 



V«rv coarse . eiUc niar l.en.-.i :.c f f 
and" Inrpr. fpi.-in!. i tie of Sft$»<H*i 

awsitcfti te (lir.hi-). 



r,;i[f,n (.rtvitnscni. a-'; for Mo. '} , bu 
in addition, temper Wig at. 200 "C 
{',■■)?_")■') for M$4 •ir. hour. 



Mo. 13 





Material: 
Analysis; 



Hardness: 

Specimen preparation: 
Magnification: 
Structure constituents: 

Remarks: 



Hardened carbon steel. 

C (carbon) = 0.70# 
Si (silicon) = 0. }0# 
Mn (manganese) = 0. '10% 
S (sulphur) = 0.050# 
P (phosphorus) = 0. 0}0£ 

HVjOkg = 72 5 (Vickcrs hardness li 

kg/mm 

Same as for No. 1. 



700 x. 

Martens! te with quenehJ ng cracks. 

Quenching cracks may arise, for instance, 
because of wrong treatment of the steel 
In the quenching, wrong design or choice 
of the wrong steel. 



No. 12. 




Material: 
Analysis: 

— ; pt.«k.Aft.< 

JILii < ' " 

Specimen preparst ion: 

'ftjvirfii f i f>rit iQIl! 

Structure constituent 



Overheated carbon steel. 



a o. S7S6 
silicon j - 0-2*| 

oulphur) . - 0.02GS 
phosphorus ; = 9»ISaB» 



c cartoon) 
Si 
Mn 
fl 

P 



Same as for i»o. 
300 x. 



Perribe and pcarlite. 
Widmannstatten structure . 



, . The structure is, inter alia, 

Rem£rk0 - eha^acteiiatlc for Bteel 'which has 

been heated to high temperatures. 
The structure Is very coarse 
?notc the low inagnlficatiott} , ana 
consequently the steel become B 
brittle. 



( AA ) pj 





Material: 



Cold- worked carbon step). 



= Q.15I' 

= 0. 5056 

» 0.70!*; 

= 0.0505s 



Analysis: 


C 


i carbon) 




.'ji 


S 13 i con ) 




Mn 


manganese ) 




S < 


sulphur ) 




P < 


phosphorus) 


Hardrii'ss: 


" V 50k;g = *»* fV 


Specimen preparation: 


Sami 


as for No. 


MagftJ f i cat 1 on : 


"TOO 


X. 



Structure const i tuent s: l.ongisn f e rntc\ *nd pearlite grains; 

Remarks- Reaction grade * 'yO'/-. 

B.V cold- working,, the crystal is 
Rreotly de formed and heavy stresses 
are set up in the steel. The 
stresses mani f'est themselves in an 
increase in hardness (coraoare the 
hard ires a with that of Mo. 2). 
After a certain reduction She steel 
should therefore bee exposed to a 
I n tef -annealing ( recrysun i zation) 
before further mld-mrkim can take 
place. 
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H uMm* ^^il. Jk 




J 1 - 



- Photomicrograph ol cross section ut h*St 
resistant alloy nUai miM corrosive attack. Althctich -rirr t =r* 
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Elasticity « ; 3J U 



JS ill 3 \ Jjkll j Sill '■LLli ^ 

— jls. deformation 

— a^. jUJI i j&ll 4JI-3I pcrmenant set 

!>!.*<;..«<..., 4__,„*iH 
J _/ 

JS ill jjkH J ^UsU k&l UA_ L y- 

Ductility utau-Jlj __d_U 
*<4^ j^^ 0 ductile l ^a«ll 

c 

* • J - > 

Stiffness .jSLiil Jj ^aiill "la^Li* 

1 I!. .1 <-\ ... . .il J_3 - -"ii U-J lb 

^--•d' 0j___O (^ili (j O^iii _j| J<__Ji 

^_ 1! iuu ^ js o J_ fcjH fcfi-il a _.L_._..v 

Stiffness jS-i!t j ^•ill -L-^bu 5 strength 
-i «pJi J J.w_. Stiffness t-fcSS* 



strain .sUaO/i <j _ry>-^ «: ■■■ l > - Stress 



t t M 



^1 Ji\ £-h_J !_.! Stiffness 



/ .tit 1 
/ u*- 1 ^ 1 J,J — ci 

^£____u> j — e__j 1 _ ? ic 



\ 



u.jL_l J_*_ W__J^ 0 i~>JJ <___!! 



Stress and Strain A ^11 

jl___> a_L Stress <-o 

Force _,l.x---_. j_;^JI (J-IHjj 



i-5" 



".'Jl iAj JJA'l t. ...11 ^Jc j^ijC- ni-fJb ^'Uj 



Tension Stress 
Compression Stress 



j>\ <_">t_ 



Shear Stress 
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Scratch hardness \y^\ 'i _ r 

Wfear hardness dli^/L JSlJI ia^lio _ < 
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Fatigue j_KJ! 

Bending slrcsses,^^ 1 ^j*?- tl *~. 

— 5' Torsion stresses ,_r-" 3 *^ j 
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yield point £. 



Creep <_i 



,11 |L$3 

ill 



J--:.' 

•• • ! 
<3&J a 



Buckling ^L-ajiVI 



dj — 
J ii 



'jlj ,J;<J ^-ijli jrJjS J^Lv i£jt'i Jj-icl ^jit 



jiwit J. 



U> 1.0 



«1 



J 



Resilience — ifl iislli 
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<ilLJ! j*$ ^jifuu y Elastic Range 

A i j jil <\ (111 "vkiLl J jisJ. I 

*>* k;-* J,*-^ 1 C&V.J Claslic Limit 
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2 Toughness j — 01 
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S13.X'. JiA 



Static Load u^*^'- 
SUe;igth «L ibll 



%aJI £^ 0 ^.il a^Lu ^^11 ^ jiJ 

Tension Strength 
C^oinpu.'ssion Itreiiglli 

Shear Strength 
Fatigue Strength 



»» .^1 <jb^ 



J-JSJl 



Indentaiicn hardness cA.^ 1 ^^ j 1 ^U-..' 
Rebouiul hardness 



Tension Test o — m J — ^ — \ 



cross titod 




Retanulir diagram of L-slin£ miffWrWli 
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j 



<Lki 



«*> •» _>j.1j— *o ^jSj .Xq a 'jj l .". 1 •.;.c 



</ - 



rtbrfcper,/ <^*n^ 



Minimum radiVS rtcommtndfd k-f'n, 
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TubegageibJaiMI w^>MV1 ^Li* _ v 

(Inside diameter)- _ ..„ ... ,. 
1'il depth gage J ^ — ^ 

W ho brush sAI — • « — i > — n 

Magnifying GEass * sa» — >V 

Marking Cnayoa ,£_iLs _ v , t 

Note bO0& Oil.. k-QU _ >o 

Straightedge < -i- 3 * 3 ^ ^-^j — W 

Small magnet -5* — ° cr*^"^ — ^ A 



Inspection's Gag® u 1 
(Hook type) 



cU~i^l 4 iSs iJj ^ il <^ J^ 1 p^" 11 ^ 
^LJI j^UJI VaJj* li>/> ^ijiJI <JL=» j 

(Of>m*i**f) . 4* — sxii 

inspection 3cheduFcs£— u—A^M — V 
-S*^* 3 f^j uU~'^Jl j ^Lwxll ^ ^ai^JI ^.UJi 



,ti - J, ^ JcJ 34^11 Ji^_, 

» sjs3! jlUVI J^i jL^i 



Tools oUjVI 



Dye. 



/ 



.1 .LA' I j Supports cAp)S tfUSj 



ib tL_>ojj cf-^ ^o i ^gifl Foundation 

♦ iijkll Jlw^il dliSU 4k..Vnii 



Mastic ( aj-^JI ^-aikja joIj^ 4 jShll <f.^, ^ 



iggyisJi ^-Atf! «^'L^i diiS^ 



-fitagft Jj^Uii&lk J^jjJ! Ua^ ^LilL 

..I • " - 'J I • l - 'l ■ . !! k-|..ll 

(. i— •! (J valij jjii r. II j j. ill j |Ji»Ldl 

4 , liLLl oia.jil U^c j 

dlljS, SiiUll JSI^-JU IJiUI r-.L.-.-JL 



-ill ( ^ C J! <ii^U_* c^%% iWt 



1 .-.Is. :li i - -1.1 •! I . ! ",L l| -i . ! 



■yi 4j^lii,1 jfck„j ^JL A3.j 

CS-O-ibuij^j <nh\l.l J QVi i-v ifi 
4_j_jr^]L i_jLixj <Lo_pJI t_iiaLj'l *Ijla.L^l 

Inict 



a- ■ - 

Magnet particle Inspection Equipment. 

Dye-penctrant Inspection Equipment. 

Electro magnetic Type •• ... 
Inspection Equipment. w^l^^^mi 

Radiographic Equipment. 

< I Soil . j.-i3»iji C<ij.rwj 9 



Test hole drilling Equipment. 

■••■L. " jU _j ^plrwi"VLi -dl<iw-ll jj-^L"^ — *\ 

Sonic and Radiation type thick- 4 

ness measuring Instrument. 

Sand-blasting jl « f,,Uv,li esAs** - v f 
Equipment. ' " } 

^l^^i ^vil! ci>^ - a / 

! lydroblasting Equipment . 

-ujij^ij WVi jkwil ^jl^o _ °, 

Boro Scope., .^IsV!^ v .^iJl JJ; U.U _ «, , 
J^jill jib. jakll ^jUil ,.^£5! 

— i <J^U.l sija.'^ ^j-a*-! j^SUj 



oVU«3ijPlat form j ^J-Ji Jlo J «L£»31 

*! ^ o-'-jJ ^r-oSJI a\ c-lSbJI ^yi *J>_.jA\j) 



^iJI 0 c JSJU glilill J5!^_Ji JU^-J 



* -fi ^' ^ j 8 .j-i^JI ^-^L-o 



. S>£aJI ^l<> 0 ^il Straightedge 
Hydrogen blisters ^J^j 



.. 1 



Ferri-Ferrocyanide ^L_JI 



^■1 i.j j, ♦ 4^^sJI p. 



0 lv jjjl l^J ^^Sj 



CJ ^' jfeUll '. <j jUJI ijj^l Af.^ 

t^M V _J! -u^il ^ <l 3 UI ^3 U^_, 
tpCJI JStill 0 \i Gray Cast Iron 



J-^bJI ^ 0 i s JSUI S*^ ^ isk J*- 



Cy***> JLojl jJc. JStdl i^iaslj diiiSo 
, J Sib ^ iLiKJI Jj^J! 



•—1 oArs. 



CiK 1 In II j) CiU aiJI 



O 1 



ij-Jiill jlkij Ml 3 o _ r ^aJ| ^^^ai 

l, ^ - 1 r° * f?JI « j — iJI j <-_£ >J.I^ 

I a.jUwj H^b iUiJI^ l^U^_j |^4sJ) 

jft^l' Jc* ^JO^J ikjlUJi 4k_J_^ j£IlH , ; 

tSl U1 Pit Gage j l J? . 



V 



tA*J1 « 



(Tie rods) oUaLjil^ j^l j^Jl ^ ^3 

H Cil 3^oJI gcJa - u j. a . ^ft» dJisSj ggjaJ 

CGoskc.l face) ♦ iJSTjj «j i 



♦ _£fc * Over Rolling -/y^ 

'•■II ksi{ I . . I .11 ... -II UM! 

cij_^.V do Ji . Rough hnadling 



Original 



• -VI 

!-*■»' . V 



-1 f£ 1 ' j CliUiLi^pl jjici dip - il 



it, .1 



J_Lii G,U> jjj jti di-iS 3 
.11 -<GGj j j>b.iJI _j JSllill 4 ■ -v I '■ 



G>J>- 



• — la nil j *Lj^*1i11j 



■GmjSj (jjJ ■* i -> ~O lo ^0 — iill Q/i lj) ia — 1 

.} i.'W "i\ .ji-L-jj i 1 — 1 — j j_y II £a\ yet 

^ — It ^W:vl-J.l iLiill j_j_ir.ll ^,1 j 

gU^J 'iLW ^UVi ^ gL- ^li ,! 



33^.3 inlet J>^a1! 

•US lie. i-jjjU^I ^,1 Copper 

-u*' ,-_>1zG_jj b ,j£vjl ^..aLa _jAjJ.il li 

*» 



i 1 .1 



. Av^lL 
Hi . Cr 

•.Ml .-• 1 '< ^ l«t It > *2 ■•liWI 

Inspection of cofls and 
Doubic-pipc Exchanger Slidlt! l— 
^ o.^J.1 ^SU.^il i_.V_Ui 

, ,- 1 »• .--oic- ^ll tC^\-> a w^Lo.^iJl 



iJ J I- 



<L__GUi! j^g:^ ( j^Jm\ 

Lft—^ JS-ftj all 

* OkG\' .-iklli 



•1 j' c 

-JU >Gi j Ci 



0 — i&i G*^U|t! 3 ,b ir ___i ^.Jivj UI.gU-JI 



V 



/ 



Calipers _JL , ^uil 



j Li. j a '.I 



jl M%V1 



^ ibbll Jj-^ Loic._, Construction Code 



L 



drain point 6^U.I ^-^^i. Akii ik^^Uj 



U-Xit ^LLo • 4_.\Li j\ r>a VI jb_*j . ft *.<"■ 

Ujjc- £=.-J»LJI v_i jjajV jLilLis.*^l jolt 



03— ^3 



(Pigi$) * s^y oii 



Gouges 



*?.3 

Nicks 



t_5 



* 03*y^3 



hook Gage — . ^LaJI^ .-Ailll JU»^_,i ^1 Ult 



Oj — ojlLo eifity j jL^o^^JI ^Lia_j ^ ^_aliLI 

\' A >) jj/ttrvlnll -Oi^b<sj iJuiiJI i 

ThiniVj? «Jks4 jji. o^kill J L^l 



all ff u^vai 

Inspection of Auxilary Equipment 

* aJSail <i-o.b ^ j^mJL I j --v ^ 

• jj — isJIj lou-aJI k-iij jirj iL^bUl Ja*o_^, 

Gage jj-b^jl ^>U_JI cija.1 '<z JiJ L. y; 

UaU v-^ 1 ^^J' c" 1 ^>i-4l tl ja-VI Ul 



V 



/ 



^.UjUl oSa i^LM LU 0 L^.VI 

* ^ J~s»3 ^jJI ,^jJl iiisJ A-^ISU! ^1 

c/^UI jSSI l> s ^J_^jl_, 

a " 4 c^ 1 ^' 4*^1' ^> J^; dU- 

_: <JUI JJ yA\ ^ dU^ll J SjLjll 



Ccircsicn allowance 
Normal tfakfcVt d*~JI JU^I 



• •• 



uUte iWii J ^UJi _ j 



n u=_-.j « iU Jl J a »J , -II .Si .11 . .a«,m i 



J"2 1 =ti ^=-5 



v _kji iju j i J5 kix i 



Lining Jck« U J**^ ; 



♦ .3 



ife JU JS <v > 

* jL^-yi, ^-^aajIj a.^i 



4 — Z^Alax, jl Jirv . i! u. . 



Lsiiiils of thickness 

_: ,j jj^, ^j^u 4 l^jj^ 

Retiring {hiclciicss di-^J! _ >. 

•-ihJI Ji_A^ — f 

U^i ^* o*J .j^l'j j.aaJ 

« - — • 



V 




D£5-C *■ DAT* 
fl.tM& rw«ts 
r# C i t w* S — 
f-i J r£k 'A,. - 



J 




CT?. 1 , 1 .!.;!!. 1 ,!.!! 1 !:..:., 



.in i 



Tube Sheet v^^ M p*?- 8 
0 — Fire tube v^^^ ^— ^ J' 



UII 



j — «>.j » — ^u^j 



.. i -1 • li ..I SFl ..i . 



Jin ilLjL lio-w tjjjSj 3' jjSt^fl 

(I — k_jjl ^ijL\j ^Jt f Aij _J jjjliil 



j' «ii — . j I cLjJI JjxIaj <j-\ij v\ iJijC- ^jjy> ' 



U 1 -3 

ExLernaliy fired ifrj^- Jj>V 
Internally fired tj^* <M^ 1 ^u^ 1 £>^J> 

Fire-tube Boilers f.? J 



11 it 'i 



'lite inn i/.t.)iiLiii i't;ii,i 




1 1 i i Ljouiaj 




Ja.i JJ w -^vi iajjla — J Lib 

ojcU^IJ oj^.V!j Ajjli-JI 

BoUers ( Si 

■ 1,1- i^! i\ ;v 1 .!;..!! _!••-%* 

w**' \j~ Jr * <* 5 o— i j— £r— --- 

jail j US Myi k~£ _ \ 



. mi 



3 . .^c 



'» I CvM ■• 1 I M ■ I 1 lie" 



^1 J J ,1 



j 1 fi i - 'iV iH oLUji^! i_i_,Lw i-v_aS < 

• ^iMiil ^Slil jf5 tJijll jteofl 



',1 I II, 



,c _.>:.!' clJi Fifed Boiler J^^ll 



L •• •• — - u v. 



r 



> o Ji Je-U 1 fy^® 

Wuter-lubc U^i. ^ J^,^ 



Fire-tube 



Fi re-tube 



T,|.ii1.l Hi.r(«W>ial U.'nrn T.,l..,l 1 .r H..II. T. 



/ 



~i 41 'Fule Gase oljL^JI^ ^IjrJI 

^^ji'j Ji'.j) i-jirJ j.i ell' ^iv^iliJ i_i_>_ib}U 

i_i ubl j.} J-^J 0 ^O-i. o'ftj ^yll C U. 1 <_jjjbl 

yjjbl Straight tube 

J clf-_j Ja. £e_ij>j ^ t\j ^alj JSLjJI_5 

L-lJjbMI ^ £ jjiil ^^oii Jittj (\o \) JSJJI j, 

*_J -LibVlj (jjjjU^iQ J;ylt^ ■to ift'i. .■II 

0 19 Headers ^r-jjj t.,_i,jj 4*a*» 

bent-tube ^iil w^b^l ^ >i ^ J-? 1 ^ 1 L°i 

Straight tube JjVI £_,JI Jll^i j^bU 
J j4^1 ^ LSI.} USJ^ 

l~>* ■ * <^»-^J Jb^il _gi ^1 ^jljJ-Q . fj&J 

csr V.t?^'^ Jjj^-iJ 7t-<wj -Liiiil tjjjbV J».^.j 

1 — <*i ( 'UjJI a jjlj (3 ) b ^ki ckc^JI 

Rolling <L-J ^ v^-.' 1 ^ 1 ™^ J*-— 
=uJ1 



0 ^asi-^i-Vi — x 

The Scotch marine 




Sl-iilrli Miirini! UliiliT. 

The Locomotive Fire box e jlalMl J^.^ _ r 
I'he vertical Tubularity V:.'-;^ 1 ^ — i 

ol^iJ I jib ^Ull J^Jjll 

J-^ljLI Ul . Jul) J JU^,Vi 

J jl clcj, jj<j jjS^ln ell, I ^^-jbl ^ 

.jjiii ^swjU. M«blj ( 'UaJ J} ^ Uli ) 
a '^-^ j^ 1 j)' Bank 

I Jl f U nil 



V" 



j 




U3" 



-lia. Jay — aJj <tl — > — i jJL j J !*"*."♦ ji* f-'« 



Super heater 



Air preheater *\ ^ Economizer 
i — ^ ur^" 1 - 1 ^-^^ (* — jSLillj 

-Co Boiler i..-.-' 4 -^-'-? 




' Fuel burners -}_« SjJ! J^^LS* *• 

Combustion .. « ... , 

Controls- JU ^' ~ r 

Korccd-draft fans jfe — s £jl j« _ j 

Induced-draft fans d^'v 0 ■ rjtj* _ e 

Feed water heaters 

l-JJJ d _y4.ll 3j — L_3 ciii Ciij,.-^ y. 

Feed water-treating and Dearating Equip 

Feed wafer pumpsr.HI .-. U ^ _ A 

.. 'i .M it i . ,. i 

Boiler water Blowing Equipment- 

— i.jd! CjI-. fiL 

a -am 



Soot blowers 
Dust Collectors 



Fi tie-Gas duct work 

Stacks or chimneys o 

Ash-handling 
Equipment. 
Safety Valves 



Instrument <■ i ..,( .. , 

ana Controfs. ■ - •• J • 



■ ' I II 1 1 1 t ricnn (.^ /i,- 1 



C 



^yli- JHoSj oj^jlj ,VioL«Ji /^stj 4<^.»_ J 



A.SME power Boiler code 



3 < VC 



\ 



Air preheater d >J\ ^Li_^ JU~^-J j 

£l ^U—aJI J ^1 ^-.-^.j A. A . n-k,L I 

Super healer a 

II <2w ji ^ji ^1 Cijli-j, jU-jJI 





JS . n' u. 


w 








n ,1 , 










\r 













\& 













. 1 



- -j! 11 



ii 1.. 



Auxiliaries i>i_-cL4! 6j_p,V! 

^ — iiij s*y^ iAciui sj^i 



c3 J 



(TT\) 




-i— till cA*. 



ASME DIN B.S 
J- 

r 



^Jl J_J^ ^ J 



_I3 -Wij 'over healing ^..^bV! 



c i>Ji ^ ^ ^ 



L 



— *\ 



over healing 0» 

^ W ^/Ul ^1 ^_J^i t > J^JJ ^hll 



■a^B, 3,^1; ^ilkij j 0 ^ 



° U J -'> 1 ^ ^ Quenching 
,Vl • i * . ... •■ , 



J* 



l M^A\ j ^-^.V ^ ^ 



7 f - ' ' J 



Reasons for Inspection and Causes of 
Deterioration 

uis U u ^bjj L jj)3 j^i jj 

y — i JjU cK_.ll 0 1 jol J |ju as olSlJ 

Reliability tk^l <^>U iJU 
Safety ^ Al! <i 

tr -- xxi 5*s4l 4 i_^JI JoUU J A^alis. 

*Wj ^Li «5fc Ac jj^UI ^ 



3 



\ 



<J , ■ all a o *i ^1 l^iijl >,::J..^» j lisl JU-q 



j - "\r : \ •"\M « 

■M* _) J '_) * ■ ■ ■ ujl l_p 



4 — 11a ^ ^Ic Ja»aj Ja. jll J*-^ U lit a£*&4 

j. i^aJI oLoS JjSi <!LsJI »ilA ^yii • *AjjJI 

JUx.il #36. J US t A~^b ;? 



9 V»*> ' 



> JShJl 5^4 a*^ 9 till J riyil ^UJI 

^Ulj^j _\U j\\ j Jl i\ Jl> An i^u^-iSJI ^Jt 



il ,j_^iJl 0_j»Ua Cii^i A5_j 
i»»Jij( ^jjUll Jj^jlLJl , 5 



lifc c_JUil J ^^UJi 0 ; 



,AaJ 



6 ci A US _ d wVl s i* uib« .Sb _k ^hll 



» t^i LjJi 



J JJ^ll l^jV 



.n -i -i : 



^'JJ — 4 ^ji^. <->j^xo ^jAa. <ruii 

<ic.Ua • J JbJI fOAalU <Aali : jaJlI 



''•""Spots S «WI jkUl .^Jin.. S..UJI 

* '! I il .il. <ri- f. 

Corrosion .^bJi ohl! i j*\lk 

Ja^ a^, jSbil et^l! ^ 

*' II Wla SAC- tU'y- ^^Jt JSllii <k_oi . 



^ 3 'J <LUU-i /JAO_;j J^^j^U ,jU 

i ajUJi vjijUJi ik-J^j u iSUII iji, ^ 




u 1 



♦ JStJi gst.^ J^l ^k-JI JjUjSJI JM 

4 — i— j Li Ls .Tut ^ 

J *UJIj t ^AH ^ ^ 0J <L, 

u&Il 0 « *£B javi ^Je 



Yam 



Fluxing and melting 

Penetration * .oUJI x 

Chemical action <£j,La-£ Jtbu _ r 

JJiUJ e^JI li* jj&J *Ul ^lill 

0 _, JJi JUL ^ ^ pJI JjUll ^ 

■feAj* ^U* g^.J cSj' J>il fc-la£ 
v L fl W oj& iia^ ^iil 

Thermal fatigue cS J >=4' 0*41 v ^ _ \ 



I c ', jg&U Creep a *4 1 tia j _ r 
Ujit ii^iU Ultlj ^JU LLs, Sjlja gLj.;. 



--j, fijlj— & CkUja J iWi (T iJI v 



l ™ tfek ited! <£jil\ ^jjuyi 

J iiiii «iui j^i i Uu, j 

Hydrogen attack i^jj-^U^ 
^ t5>^l — L;VI 



^L-JI y ^j-^Hj Grqphitization 

^ — * Jj, . ^ j^jii J^'j^b j 

-Ijj £«Ma1 %p Sail jl o^J' <JUJI 

Riveted ^LS^ <U v1 J ^ ■ ^La»*U3 
jj>_ <^ Joints 

>^f^ tF'U* 2 Expanded tube joints 



<olii_J x»ju>J ^_a1iJI 



-O-i o 



Soot blower 



<L_Jj, oiaj] *]U, juji ^ t i^Jj 

t5ji^ jsb **« k£j> u ,is ut ^tui jsyi 

°JJ^ S » |>2ll Ucc 0 i ^_,_,j4l ^ 



0 



(jaaifl 4jkai J^ftil jl-ifl^ jUV! oUrAjia.! 

IjC , ,LJI Ji »j '■■ ■» <|1 J:n J.I «L.t ,\ 

|t "i ji i c I ji--o ^-liwJl ^jljj Aj,!"^ c Loj) jlii-Jl 

^ j*Ss\ jlS lilj '. J;j*i! . 



5 ,L-JI 



Fliic-ducl clamper' 



4_ab. , ianLaellj o cLs J fc, ^_JI ^Jl 

. JL.il J C .J1 <,c/\M <!U J 

- Si rcss rupture s|J ,~£H _ * 

• ^■iv.-.K *,J-?tiJl JU--S...VI _ o 

— bVi ,Ui , Lj&jj JU^\'I _ 

.... ,. - ^_,« 

• tube rollers 



L .Ul Ujafl J^l Jib i^^ai JjVjJI^ .^b. 5 v ^i.;Vt is*L*sfl 



- \ ■ <-> ^ .. — u • 

I4 — Ail ^IJ.! *J* 3 ^ US ♦ 



dl3 aU Uj 

s V-i- L •■• -1 --. \i! , ; : i , 

(iaskcl.s C' J. I JW^i_i >sic. _ \\ 



i.^ 5 i i . -1 •; ,ti „ 1 ..-.|J 



■Li 



Hi 1 l- 



11 ■■ i 11 vfi \„ .. 1 11 



jl^ii^jf ±yc- j) Seiaper 



1- ,.r| 



Ml tl 



'i.Mj- 'j* 1 Sand blasting L U^,tL 



\J 



> J 



— ^"" o~ u> 



L-J_^j i^^ai-a UO-ij J«l _ydl oj^J < ^^ ' 4,, _ jJ 

UJ _ Wrenches k.JI oVI 

^Ijt ^ US' oljl^VI 



foundation" ol 



/i ^li tj^ wl ^ oUUVI -,'1 
•t *bVi ol^i! j\ _,4^ 

a — - |*j£JI cVL^VI "toj ^ ^ 
^ tlwa J^^i! dljj ^LVI 



U>".| ^UL_VI 



♦ cUUVI J 
Boiler Supports a tM&aM oU-^lU! 

A' £ *M & .1^ oUi0 

f"^j J^c ^ii^ ^Rivets J! 

_aLjl rlj^l ^ ^ ^L44ii» O^if^i 



^323 iw.Utl <=KjJ»li kAjj^j Jf>^' •saUjI : UUc- 



c- 



»U1I 



'• 3fl tj— Js-^JJ i^a-L »jk?j t IaJ^JI L^'l 

J-JUI ^_!^ Lsa;| ^;ka!l ^ 
j.^iJIj j^y.! :uijV -.--.^Vl, i.,.;VoJJ C U 

cL^ all^ ^^11 Jjl! J^i U 
blow off Oj^oI! cUii M 

Methods of Inspcetion and Limits 



. M 



^^UJi Ji^ <^ V UJI 
^jUI ^11 tij*. & jshil ^1 

^kii ^uu -yvi juui jlu 



■M&l »1* j ^ c!^^ js\^ 



9 



e 



/ 



&jpM "^-'jA <£ J $$$$ 
c Aiii-i^ Jj.w.jlJI ^U-^jl juij ,_U*^ J.i s^Zt^ll 



Ml 



31 U**!J 



hot spots i_,LJI ^SU V I <k^0U-. {, J.uL_ixl! 
US o jl .1 <Oj3 J £_,_^JI ill J jSUl .<\ 
m& ^ U , cl^kJ! ,-£'Ul %*3U - 



■bii. 



i 1 



L-'..!l 11 

^LiVI oVL^i 

£Lg& <, Af= , cNJL-i! Ji^, 



i<" [I'll » 



J I • 11 I .\ t 



5 < 3 



oSUl 



£>Lll ' 



1 f ., 



j> us s ik^n l*^ y ^ yyi sy^i 

jjd Cj^ ik_,d.l , £ _-jOI .^U , AyH 



V 



US 



Over stressed LIU JU^i olj jkU 
Excessive deffcctioti J^WI 

i-ji^i ^su*yi ui . jjj^tt J ^aii inj j 



J^l j|l ^Ud^ ^ l_^iS J\ 



US 



Sliding feet & Ac •, & Llt. 

I - 5 

A 0 ^ pi ^ , . jl! 

V«-SJi .III ^ Jsd il US 



tension Rodsi- 

S . . , Ml •. . 



l-Vt 



0 is m y <^ v> ius L Urji 

a si ;;i.Vi -i^.c- -tf.vr, - <r--".i i! i 



ft) 



J^__ r-^_ji jSui __>u ^ >; _3 ^Uii ^ 

. ikJ„ L^JI 

,ji j_,VI «i jAl 4J_)„S AlbJI 

ill »_l ^ 

VJJ _ j,l Observation doors 

peepholes 
— a Access doors 

jtj__**sfl _> __^U^ JUx_V! <U! 

a fc^yj y^adtiH trf&l 0 U assail <jj 

* L -* 1 J^'j* J oV_l! _ I 

l_ >3 1\ Jj^j iMLl\ 4 ^IjaaJi 

o 11 gM^a Baffles isJ^j 

bulging of refractory ^0*1! ^ 

V j — 4_« . . , y 

^■J ^lk_VI sii^ ^ Flame pattern 

^ j unevenness and streaks u\ _>k_VI 
^ ^ ^ -> ! <^>JI aIjUmVI J* 
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* 3 j JS — 



J • 



u'j— iJI £^ J <JU p-fcjg (Toe) 

J ^ie ,|>a_i ^3JI ^1 Jill j 
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Jft j^oj J,aS~j j\ ^j—— Jl <JuA<J jU ■Lk.-J^j 



^ yOV ■ JJ- 



IIU JST^I pl>Ji i_ j*. ^ 

^• A .i r ' ^ ,cl ji aa-l uKudl 0 IS Ul 
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SLOT CUT IN SHELL 
FOR NEW PLATE 



CLEAII CRT 

SAND 




----/.* ..■.>■:' J". W'Jf>( 'I ll'jTt'j'/ 'jC 



NEW BOTTOM PLATE INSTALLED OVER LAYER OF 5AND 

'SEE API F'P.Jrlj 





NEW BOTTOM PLATE ATTACHED TO SHELL WITH A SKIRT 

("I5IDE TAHr. WiELOit.^) 





LINING OF BOTTOM WITH REINFORCED CONCRETE 
Ihickn.cssc} \hu«n :«': uigpciid only. Hefglil on shell will ilcpcml mi shell uiuiiMim. hm -1 1.1 he ,.ppi.nini..i,H 2 
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- t 



lJ>':.' u 1 
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rUuV] cj'UijiJi ,_yii*o ^j'U 
Welder ^LJ J»U si r U_Ji — \ 



L 



l_u O 3 L$ ~o 



i_5~ 



-.3 



UajC- j<li-_JJ! jll'-'V . 



ilg 111 , / . \ i.t 
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ojciiil ^liJ J pin holes S^La 
i^i ^ci _jl cracks 



' <UlrJ ijli-lj ^jUJjl 
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overhead electrical (ravelling cranes 
- electrical travelling cranes ^ 



-Marine cranes 
•Tower cranes <L_ 



<&t jUj jj, <J«^i! oUil yd! - j 
winch trucks 
• chain blocks i^liJ! cA*j\J\ _ ^ 
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. JUtptfH ^ibil u > (U.T.S.) Jb^j jijsawg UU^u i^U 

j-^ ^ J*. 0' ib £ U ^ 4 *4 a-rt f- L ^ £-j> ^ . J^jl 

♦ Lf^J kfe"^ 1 ^ ^Ul lJ Jc J icL i J>OJ 

S.W.L. a_1 Safe working Load , : \, _v.;,v J ^ j^jj ^ Q L^y| J 

J— «^ a c tW< is* ^j;!^' _: 0 ic Ji^vi ^ JU 

Tipping Load ^ jtfjM Sj[S ^ j 

breaking strength of the material 

>** i£M J~A\ LkAllj Safety factor 0 UVI J«U J* 



ig^i cuu jiuV .,i 





css—*j forged Steel 3 1 Mild steel 



Tropozoidal section & circular section 

■jtLoxJj — jl Jjc- ii ,il 4.. 7- 10.^0 3-2k , - ,l 

»J o jia J&sw ^.Jcl ^ (J) o^L J<w.v;i_j £ — SJjj 

: ^ ->"ll 



— Shank hook, Tropozoidal Section. 
Shank hook. Circular Section. 
Eye hook, Tropozoidal Scctino. 
Eye hook. Circular Section. 
Eye hook, Tropozoidal Section for 
use wilh wire rope Thimbles. 
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ojIS el j, 



U^Cj ^^aijlj JiiJi J, ^ijJl iaW- (j 



0 « Load test J^J] ^ Ei ^, ^ ^ ±_ 



l'JH-^ 5 u ! V^eS.&'i 1 



liook 

Lif ting wire 
Hoisting wire 
Jib 

pulleys 

Pins 

Clutch 

Brake 

Tyres 

Anglc-poimcr 
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Shank hook 
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^_v!l <iK UU .l^iil 
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circular section _JJ LJL, eye 'hook 

Tropozoidal ^L^^j eye hook 
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^J! JU1 ^ 0 \ ^ _ \ 
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aI>^U (\) Jl (o) ^ 0 u j.u 
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bjWia I ^jk^ ,J:J .^-. , (<^~^ bijU. c jSS ^1 
kiuJJ Equal Stress 
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^ J working load * r U 
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C = K\/w 
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Factor of Safety 
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o — » dpM S.W.L. of**' 
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5 ftjti* 4iiLli JLzJj J\ _ ^ 
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» fe».aai5 Riggers 11 ^Ui ^ uW 
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* ^Ir^Vl J 



« Sj« JLoJ oUVl JaU* %^ 

Jj^J] /Jail! <a 5 U* 
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Catalogue! breaking Strong! li | 
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S.W.L. ^ 



Factor 0: Safety 



r*-* j - « i 'd^lji«JI ^i>jLo 1 *1 Jill I i— i~.Lw» j 

JjlaJ! liJiJtil Insert pieces 
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• pins ^^i— t'nuii _/yol„»<i 
<£ * > <^ > "<M £>ill y> £>iil 

LSJ^j^U J*.^ Telescopic jib ^jjS-J^Jl 



main frame ^/^Vl _,ILVI ^ ^1 y>\ £#3 dU* 

— : ^ j ^1 jiJI ^kil <,l...,:,.1L 
<^V1 ^Lill ^ jU,V! _ I 

( i^tji ) _,iLvi _ a 

• <JU!I Lull 



0> 



-J ^-J J^ij J<iT>. .Xl_;1 li^ 



* ^T. : ia_^» ^^Jlj l^^-oi jAijJ' ^Ijj J^W 



!^ £^ - 





-E 


3- 













i_ 




— WV— [gay 

i 




Clutch J — ^«US1 _ 1 



1 ujLHI «l 



Carrier 



^ ix^. -LiLx. ci Cabin 



Brake uMJJ -,_V 



Cabin <i^^l! d ^ Carrier 



<j laL'ic- jAO.li'i' JSL-Vi vli^^i I J ^ 



Tyres oljLiatfi — A 
c- _jaX1 val^JI ( j Wjijti 1^^411 p» 

<j' V — ^y 5 yt*&i*5M U"io_!>Ui. 

i~ ■ II -• 1 • 1 ! i ~ i ! • i I -M H 

V . . ^ . ^ - " - \ "■ 



\ 



Pulle 



pulley Ujjc UJ^. .jljv- ^,^1 J^- $1 



.1 Ajjlo. 



cracks o-i-^ j< Liroovco 



jj^u' e u l *> i f ! r^r- 

J jail JUja~-J el ^a. jj-j ^^.s'jS^JliJ^-.jlii.V! 



1 • It , F 



Fins 



: t 



Shear 



Jnscrtrj piece Jl ^ Jl ^Ijl 



_p — ft Cibuol _Js| ^ ljft ^(1 JLaJI VuL 

^-o ili -UxibJ! JuLJ.I -Ui, J&juL-ij^aJI 

J — %m j ^1 jj dU Out riggers 



UJI 



« o-il^l LjJ\ Ii^.>L_5 c^jUa .Xii 

U — «ii -Uil^l J cjjSs Level gauge' 

£ a jUjli C-U^JI JjJA ^-jP-JI !~*S*J 

. C *J| 

JJ3 «VI O ft ^-ijH Jolt- e jj> Jj'iA^JI ^ 



o j — La ■ o a y 



4 J l r 



jib ^ijJ 



fe^u. t/j ^jji j 

•-^ — ^ 0^ V^.? ^i^j-^j •abv^i ^ 



II <aLii lAjf ojjj^j, Load test 
: * ilS o' 1 c> U%1 cj^Ull ^sl^ J dJi 

J o,,^ UK U^c, ^-U^l i^_U. 



■cr 



o ^j"^ 1 Load test J^l 




J<i=JI il^JJP J^-" 0 ^"r! ^-a^-*^ 

out riggers ^bJI .xiLJ.1 g-1 ^i. U.^ 



A—it ^ 



\ 



on rear Okd! on side uy^ 

* ^La^ifl ^-.itl cj tjjjJ U^i <-abi>Jj <GslL]l oifcj 

ojA^ g4j F" I jd Jj)^-»j) on rear. ■ i yp 

ii_.ll ijo >".ijjl JirJI ik=w^L L ^ll O* 



j — of:-; 



\o lift u%^J) ( ij^H ^1' 4-li_»lS (jljj^ 



3& 0 L r a* c.ULil 



■ 30- 




-irf::::/:;^^ 

.i 4 -. ? ..../! 7N4. 



' mi Sin ' i " ' xn 
,/.!r%Ai..i4-i^|(Ni 




rt e P feet tons. 



V 



. -ill J^JI ^ ^ Vil^JI ^ ^ |^ ^ 



r — 'J j 
J ,Lu 



t)J*3 

Oj'^ ^jil ^u^i ^ £^3^ 

J — ^ ^ u^i ^i^ji ^ iii^ ^i^i 

* J> li^j ^ 

<^\jl\ 0 « ij^il! ol^VL J^Ji ^ ^ 
^_xL, M d^l J uu dp, J<^JI 0 u 

RATED LOAD TABLE 



U-,^ ^ abUjVI 



Ouiriijoi-rs fully extended 
Hi uwi lenijih IM I 



33 Dm Boom \ H.Omjih 
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25.5 


33.0 


7 


ir. 


3.0 


30.01 


20.01 










4.0 


22.5 


20.0 


Hot 








5 r 0 


ia.0 


17.3 


14.(5 








6.0 


15.0 


14.6 


13.3 


8.01 






7.0 


12.6 


12.6 


11.5 


8.0 






8,0 


1 1.0 


1 1 .0 


10.0 


8.0 


3.0 1 


2 C31 


9.0 
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7 7 


2 8 


2.0 


10.0 




7.7 




6.9 


2.6 


20 


12.0 




5.5 


5 5 




2 2 


I H 


14.0 




4.2 


4.2 


4.2 n 


2.0 


1.6 


16.0 






3.2 


3,2 


^_ 1.9 


!;§ 


18.0 






2.5 


2.5 


[ 


ill 


20.0 






2.0 


2.0 


1 .2 


0.9 


22.0 






15 


1.5 


0.7 


0.5 


24.0 








1.0 






26 .0 








0.7 






27.0 








0.5 







Note: 

1. Figures in the table represent rated loads of crane, set 
on firm level ground with outriggers fully extended. 

2. Values above bold line are based on structural stronijih 
of crane, and those below the line based on stability 
of crane. 
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oj/» ^^ii 4 1 villi (j'jjV JoVna Cjl j\L"5/l 



Ml 



C 



out rigger <-.-.-il^JI ajl«JL! JU*^~Ji J-AAj 
_,JI ikiliJJ #lj<|fl 1*4* j 1*31-9 



^laniv,! (tin 



■si 4J -U*alU Load test 



LP 



crawler jJ' 4~*L» 4k^)U 0 ^.1a1I 



Ji>_j festal A_j 4Sa3s*S Sj^^uj yp&^l 



Hj mlS> 4 1 *• • v. 



Alt 



.. 1 -•• 1 V -- I 



crawler ra^tatf «^Uat Jtf ^sjfl 



.S , 0 ^ 



ft 3 



.<l" II 



_j_j->-i J^ji. 



^5_>i>.lc«liU-ixij {Sj^^o j£ j^jas.! liJJji 
Jis.iljj <*itj a« JAjM Jjjo.il 

\t\citiy\o ( cfci pan) •> jj is 

-1\ ft 

i«4 : lj| *u out riggers 

WithOUt OUt ^JU ^yw^j, 

< »14 <JlaJI oi^Jj riggers 

jj -ij J A*! aJuJ! .., I . •<.; r -. j j 

■UiJ.^I j^:; wiiliout oui riggers 



^^W^^ ' ""^i '^-^ '•^ii r> ^V' " "^'-^ " •*^ f S« h ««2 " 



ilWWB5isia.ii!iiiaiafiiisair.5isaaaiasnii3iBigia!3sa5iiM 



u»i (v.) u ouvi juu ^ 



A <-icU 



♦ --j j — mi j<uji < jC 



J fc JUJJ d j3 J v ^ 

< Sjftl dlUfl d,_ o .L ^ ; ;> AkI! ^ 

<_^bL* o^lj UK dLJI _^ss Ji UKi jSUkij 

^Jl %ujai 0 « U-^ JUJI J jSUililj 

• (5 j si 

Resist Abrasion dlS^Vl 

> U.1 UfclJ ^ 

ci^UVU ( tvo ^ J£_; li^V ) JUJJ ^UJI 

• d&toOU JLoJI LLU 

J_^ ^Jc LLUJI JUJJ ^ <$^-* 
Distortion 4 Crushing j^Jij ^_^JI 

'it JUJI dL i_aj Ujuc dU .1 



Drums 



. ,1 



Jc _/,h LI j:JI *fja.VI 



0 u lil Core JUJI jS^ i^ULI a ^ 



J? 



a — uat) - iy 



jilajjj) <Lj^i_^o i jLLLo ^j^j (_U«JI jL^j'i 
- U^c j 4 — jc L-J.l ..UUi I J 



J_^i UiL.i^ JUJI dh Joe 'i^X 

^_SS c U!^c dU US JLoJI dh] ^3^1 
Jl '^^^Jl JL^JI j UaI J 

00 W *^sJ1 SjmjLj d^uvi <^j^ 

— : ^lUl J* I vJI ^1 jSJn jSJI ^ i.jlU.I 

a J ^jj <jX.^JI JUJI ^ _ } 

dljj <^ ^ Js2 ^Jcl J^x; 0 \ ^ 4 .j. ^ 
J SjSji db i^ci U_J,^ d.wJI ^yji 

d^ .VI size JUJI da~o ^Jt 

dl3UVI -U^ dJiSj Oracle of Wire 

^L_WL Core JuJI ^ ^S, h. -. J.I 
Faclor of Safety ^ djj 

^ S ^ U> ( \ «-o) ^ C ^l j% 

£ _^UIj (\. ^Jl o ) u k 4^_v^ ju^j] y, 



-AIL) 

d$J , 3 i^rviUJU Strand 

sjo ■■ ttj j fttJ 1 L-=x»_i Jt U-H d-o—il <iiij^_Q 

t&li SilAj JLoJI ^jSl! ^ic LiJl ^UlaJI 



o — 



y IWRC pjP !U*** d}U 
ii-;^ ^l^i dU* (jU tU Fiber ( 1*%] ) 

Type IWRC, ( £ 

1000 ft, lie dia, Gx2S 

jy a j^. jysfi ^.jiu 

Li • ^ ^jjux-ii Jj^Ji j — !ks J j^j ^jtiH j&2 Jl _j 

L^iiM-l d)L, N j1 J&m (To) ^iVI j«2 Ji\j 



d!is_j jsj <^t 



U dJiS, JUO! J 



i__^U =l_v| ,U lid 



viiauc ui wire 



• '■■< 7 1--'.; 



LJ JJ' Hi.- A.I „ ■ 



o ^ — ok! I j La ,hv; jLy d>L^VI .Sise 
Nnmbcr of pattern of wire strand 



I » • T » I » » * 1 '111 .'VII 1 ■ I ■ I ■ I I • I | •• 1 



Type of core 



uuu ai oil ) — 



ItEttU Axui IUSJ I Cjus~ai I j 



•i iiji.il d*^ i/vJ >^ I j\ Uij — »1 OJt di-iA 



di 



IWRC d|U1 ^ 0j> ^ill jS> 



Fiber Core 



4_i 



L- 



i_5 



L.i ^.^c. y, i_,.»>lkll Rotation 



Core 



'f: ,1 ! C- aj _lt li-O-'t'-i 



^j,Lo <4il3 Ui IWRC jfrJb f- P 



('orrosion j^Loil J....->^'j ^1 JSL11 ^l^ii 
,j 0 Ac^.i-d.i JLrJl JSLi .jl Jl>il=ii dLa -G^' 

y. ?y >y) lp-^L y iihUi 



corrosion 



" AC 



-..V j - ' — * . J 



ijJ eicments 

t-dwSJj JiJ-Ul jl 



tjaivaritzed wire 



S.S. wii 



• M 



( JL^ ^ ™^ ) _ U:li 



. - -, I' U, 



^3 •d__^i^ d^.Loi sjii (wo) ^ j jS_il 



4 Ul 



; lkiVi cli d>L_,V! ui Lice/ 



r 



Corn 



Composition of Wire Rope 




Locked Coil rope 

Concentric strand rope 




Wo 



£ ^ggg • JUji ;,Lii 3 b S 



•v^^O,*}- '^^^ a r ' A '""'""'"" n '\ ^ ' 



i ^AnUkfj, dJ..JI <;tio, o jj> it CiU-j.!jsLI 

Round strand rope^UI 

i.*k-]l Jt&fl cJ^ Jt.sJI r 
Flattened strand rope 
kUU J aim JLoJJ _ r 



— 4 ali. sllA jj-o c ILtV cllij o'lc' 



. vvv 



Wito Hope Constfuciion? 

Orun.aiv Con-.Uu<:1..... 



Wrti 



...I ...v.-i. 



■fip' 



! - ' i-s " rat v. 



v- V.'H'. 




5.* \J 



'nr. 



1, JS__S 

Ordinary 



Hope Lay I U >iUlij ^ks&II 
>4 ! ii, JJ L-< ^* Rono Lay r JL^ ..i^, . 



- Ar-.L, ( cts^j ^ S^Akll d^L_i 
>!— _ oli i^.ili'ii dJ^L-,1 

. JL^sU :^L;J jLsll 



J' { *i • 

dl ULJI 

Resistance of wcar^Li^U -OqoI^. >ai : iSj 
1 „„. i«*,w*i, "-in 1 I. ». ^Vi_^ ,11 

Lay lengin uj'-* j," - j-** ^ — 

Aj.i 1 ail ^J, JcU ; 1 lT^I) J nil £jb J ai^il 1 J.^- <o j 



Warrinnton 



>* — 



V'-^J ; vy^»i jlkEl olj d)La1 ^ a _£ikl! 
■•. — :i*j.llo o^Ujj Sai : Ujj 9 lii!L 

Filler f ^ — * 

11 Jb^' 





dlv_.N 



■ ' 




jy^ ^ — ^ a 



•UjLio ^.ic aJ..U!I y clJiSj, Kink of Twist 



( Regular Lay rope ) 



i *, I 



Long Lay ropes is^Jo _ r 



% j]l *$i&fi J il^U,^! til flkll 

JxaJI J L>-o-^ _^UL!' OJ oL^i 




(rv<\) r . 



^ ^ — 



(rvr) 



3~a JJ-.^. injUir, JLoJ] 



• ,-,U, II 



*ijiJ« a_->4!j J.j.i'i Ciaa_. jjlitJI 



j— vAp3 ^*-= o^A* ) — I — <Al 
CORE ( Jl ^11 



J-S ,1 



c - - j • '1 • ' .. " M 



- : .U ^ihj J= 



<j ^ ^Ml J^JI jS^J* 



Jl li^ll S^J^I g^JJ ^ j\ 



i Jl 



l — ^ d>LA'l eta y ^ 0 i 

•-'•» ~* r**J uS— 'i' jji 



an a^-vi^ ^sjj 0 i ^ m 



Rdpfl 




Non-Priiinrrnnd 



IVVo. 



% jZLA) ji ^^41 jSjli _ r « CORE u^f — ^ - 1 N 



it 3.5 O — a 



•Independent wire rope core ^ ^ l ; 



. ■-, r .". .11 < 1 ! 

■ (_j — - j-Jh r 



disci 



■A C\ 



I ! 



c- Strand core 

-B.S.S. { ^ W) 
— ~J.i j_ S j[\ ^f, — ... t ^ijl Ij.ft — ^, 
_'.]! J ojiaL^ US Armoured core 



'II U 'J Hi* II . . i .1 







^ ~v »- . 1 1 1 1 "lit 



poly-propylene M* 



J — A i_)U.<-_ 



aL.j L«»^ WSjyJi J L»«.J jjjj'ii L*»*ni 

^A»d ^Lr^i 3 l*> 



-' w 



(* JU 



j ^ if-it I jSj|,| c;»lj JLaJl JLojvU J u L_ki-i"j/ 



L^il ^iiiu J, 



Clii ijii »_i vlil jl «i: 



Jl o.ji 



Mtilti-layi?r winder 



^, r-X ,g . L^aM jjji&m*& (ii oli-.L 



.—.Lili^,' \ \jl a 



fill Vis* 0 U dJ^Sj ^ ui'i ^ 



stretch ,\ -x s^U , 



j— SJLI -^ii J^.oJi ^ Jit JL 



Mil "l ,", t% 



1 .l 11 



j ^y- { Jl—^aJI ^ * I ^ 23 y vV'„ 



Fibre Gore Mopes 




Fibre Core 



s 



■ 



(tao) 






j«2 Fatigue JK11 JL=JI i-^lio jjU^Jlj 
Abrasion sJ&aSU eflkj ^ .SJI 



j liuflll L3 



Fatigue J Kll 



4_il_ ? L_ J 1 ^^Ic Ls^SSkA* JoaJl ^jji^J Uiit i jaILJI 
Jjj& uaj»lli IS l-j-i— jj oil Cil jSjJI ^\ tiJJI 

J ^-11 jjLn dil j 4 a> ■". "i j <La ^j-j^q 4_Ll*xj ^^ii 

U^jcj ^jVI illaJ! ^ bj.x-*? jg\ g*^, 
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<ij^d.l JL=JJ <fl^o (r) js&Jt! J\ J- a.b .j 

JL=JJ iihi^xi Cjlci j3 jSUk f\\ ^ 

(a) ^ 



n 





O 



61 



r 



I'.' I 1,1.1 • I V.f.r 



bdroy ■■ 1 



21 



(vw) 



^ _jlUi i^-ll O^"-* 0* u 1 — -> 



J 



% *Jijl iJMs^l ^ 3 \± t JX JoJt ^ 

L^ US <H Long Lay rope 
c\—^i\ 0 ^ J AjjiL ^'okll^ cbL-VI 

* » i • II 5 ■ ii- 1 1 (i.i kii 

'<t_«:LUi JLU1 dij Jit. JU<vS_j Jj,y ii^ftj 

Seal Strand h&d) aaUjUtj Uj0.\ /\ 

,> — a Is^t, diS^VL Lui->U_, ^ukJ! u^ 
m **£ (jri&ll t Ui Ul diS-j^Vi l^jte* 

£-iJJ JLp. ^ J^ill cL _ .ivJ,'VU JJSU 



l> c.5- C 



"ill liSLill -cL*-* 1 ..it ok!;!l ,SJ 



\ 



* JL\<,j„ .U>'i ;jp -J 

^ J^Ua Uu-o. *ui.;S — 1e.>wj 



^ ^ jS »J&v*Jl ^ ^SJ 



\#& zf*. gZ» dii 0 U Drum SdgLJSH 

V-**^ J' *t«^ «i*44! i'^ili «L^i ^ 
^ ^l^kJ Ji oi ^sji j^i ^ 

0 « u - ^ ^ ^ 0 1 dUi 

c!.l il J.-vl! sH-A J Jicii S K.li s^, -ja 

1 ^atek« CiULxjl ,J J , . ^y , , 

jjj-LaJI J _ 3 4i JUia;] ilbsj LIU I ^UJ 

« Jifdi j villi 0 ^ o ., 5 i^_ m 



I* — a 



^ji-L Utt_»j iJXMl <-yj« CjJI j wi.-S u.i^V 

d, j ^JJl ^1 -LU ;\ o! ^Ji A uml 

a ^U*,. Jo.il J*s UeU v^*lj US J*aJI 

»j,#i|iS »aw •i^: Abrasion gSj^fl _ y 
*i— ^ u^il « _ 9 1 

c< Lc JasJI J^ U.^ y L^Vi 5 1 r-U,VI 

WU»-' /vo JLaJ! diSixl ,t o\U J *i .1, t 



j_ — jSV ^ jli.il iglLJl q^jbS ^^SL. ^1 _ 1 



dL_lil ^ S 



(TV A) 



CiUVl 



. I 
u 



ok UW 



u 



"Aj %W { ^ ***** Jill! fey ^1 

p^AjU J&il SijJ^ 0 1 v-.a.^ s^Ua. i|s 



'.) 1<oU -J 



0 UVI joi^ ^ d.iij v ^,^ 



j*-_33 ^SJ dJSj *UU Jajl oc 



J 



diss 



■J) ° ji^ 



J**11 cUilj^ji y ^^41 J*I^JI J £ 

grade d5Uf| J JUdl ^ J j d^il J 
Fitting* J^Ji ^LUi 0 \ _ Y 
SjiS c^J ^* Splice cli^ill dli&j 

■ur^k u u ^l JcU 0 U liJ |^4j jl^ji jjj-^ 

s^jujr ^ <j _ r 

j* U J Jill! ^ ^ 

a* J^JI ^ aS^ji ^ jl^i -i^j, 



E.'foct of V/Ire Siio on Ahllily io Roslsl AbrBnlon, 
D'slorllon, Crushing, and Bending Fnllgus 



rv\) 




{"<■? FtUre Core 

Aii'.ivnn. OiSt^tllon 
A Crushing 




6r-13 FiIIqi. Fibrp CorQ 

Ftwsislaiil to 
OlililtrKj Faltguo 



( VAY ) f^-JLj J? S 

sj^u ^ U <j 0 ^ 
— m m\ 0 u ijj yc ^uu ^jjl 

u> m^J Actual load JL^jj 

^ breaking load 

Stresses J^JI ^ 5kUi ^ 

^ 9jlM ; l iailj \m <i^ij ^j) :lu ^ 

0 I ijiaj ^l^aJI ^ JL^JI ^ 

factor of Safety 0 Ut JcU JoJJ 
J.UI ^ 0 UVI J.U ^ ^| ^ 



J<*11 i# = 5WL. oj ^U^ 1 ^ 

A X JjflJ' 



u 
11 



(3 



rl »1 _i l i Hi Jjt J~^ill £»J 



< JILJ1 <.}oJl iijju j4^il ^ ^-i&n Sj-^i! 

. *L§il Jxiiljj ^^A-i'JI Jui'i W-.i U-. 



■ 4 t I 11 It . ijl ... I 1 •C*. . < . 



Starting j^-Ji ^ J**J! ^ 
JSsYi ^1 Stopping t ( _ y ^-^ll iJijill _j1 

!i— ft ci^-" j* qWVI J«l>u> ^^sl diiiU 

^ S *^ M : ..,U 4tj!1 tfel'i — 0 

illj&j JLrJI ^^j j,1 JiS <jk*±\ _ 1 

^J«kl1j Sji^W L > o.^bj 0 UV1 

ju^Jj (j'^Vl i_U'ia^> j'ljj^j jjiij'y ■— 1^-> 'jj 

^ £^1 * L-i i_ij~aai1 ^JJi-iJl Jsdll ^ _pSi 

^.1 «*^! t.Ulf^i liil^Sj ^JaJRi! (<iJiyUi tJjwlij! jlii* 



^ c>Ui1 t JSWI JKJ! s .jli^il s 



. it 



I-;. I . t*. <C 



_ix"iiii Jjuil 

S^W.L. 



& 



• 3 L-q^1 Jk»U* 



JLrJI teljil 'Ulc 4ji-,LS J^tja dlif»j, 

Sjj_Sil1 -U^Uii JLaJI clhi LLLiail 



- 



^1 kj J *V . j . l l ij jv->« US_j <-Jli J-od j J |j2S 

iifeLJ (r) iiito» ^IS Id J (w^) 

J ^ Lxil a " i i j o_*ddl ^j-. n 'i i_3 L^ bi ij 



J- 



Fittings JpJI LJjy 

cUJI ^1 dliili Lliil! dh J j&jjga 

\J»j^\ <iLJJ ^JljV dJjj ^ (a_a) ^ j& 
* Fatigue jjSJI iJ>M Sj^dila 

y 8 J J*aJI Ji,L <j d^'Lad 

J_>_^ J\ ^ dim ^Uki! liiUi £&L3l 
* — =^ii ^ i» dLdl ^ ^ dU 0 j^ji 

( i^L-ii jm^vi ) _ r 

1^ — ^ (2^° >;Lidi #3LJ J\ 

0 U^-JL ^ dLJJ ^jikll ^kJl 0 U 

dl_^J1 J ^1 dL ab^ 

tilt '-iLk;.^ ( ) 



JlpJl ^it j^aII ^^jJI c I^i Ait pj-aj^ dij 



J d 



U. 



"3* ^ »^L« ajU tl^llil A«_i »JL.Ai. ^ >ij-L> J l Oi I I 

t\ — iii 'L4J J\ J^x^i\ ^ ^ ^ 

Broken Wires — £U d^VI _ 1 

.1 _^ JUaJI J oj^^di d^UVI aU J 

(j "* 1 ^ f> ' ' 
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l=JJI _j Horizontal weld 
oi^l clLiJl ij.U <-o.^Ua ^1 ^ over head 




v. cj^jS^' cr 1 ^ 1 ^ job-Ail JUlwJ „ — ! IojIj 
^yiis — u±t> j — c^l 0 — ic 

_: joUail JLx jL^V cbj^U J*1j«J» 

-1 ^jh "Lilac- 



^ajjSlI « JLIj J» Steel « t ..UI3 

- Alloy Steel mU 
jl fa^a <, ^ aAsJ a| jLI <lla. _ \ 

• ( ^^1 Cp<J& 3^ 0^ J 
JojJI <J^d ^^J. L<y,K,tl ^1 yj| _ r 

•• ^laJJI iLajJ LjJHI ^UoJIj 

^i_Jlj . Test jLikVI #^3 _ J 

^il Flat - #\ ^JJI ^_i_5 _ 0 

_ Vertical is-h - Horizontal 

• over head 



L5 



V- Joint —V ^< Butt-joint 

J- Joint. J X- Joint -X'-i^v 
• edge joint- --Fillet ^ 




f 

astm ou^ui ^uui m~*$ W-iftg 

A.S.T.M. ciili^m v-wii. uliiuajJ! i 



Electric Welding 
! J Lj dSLsjii ^it J^j jl I ^ 

^ii- lJj-J ji—jj'l v_»jllt_ll ,<vO__jjl - 4'-*T __}-> 



\ L. 



penetration $1 jia.'VI jl^j, ^j^' (S-j^ 



i_3" 



t 1 - 



4^" ' 



OIL- .•]'! L y^-> j 



r 



iiVi .v.-i«iJ pJ_aj liLLJ! ,jl 

L) ^jJTj, "F" ( Fiat c.5U) 

• "H" (Horizontal) c5 ^~*s ^U- 

^ c j_ aui j ^ - 3 

. "F" Fiat L> Lr> 



"V 



\ 



-Sa j, ^illdil 4_.k«l'J | 



* _\_V2. — iSjiV' ,jO j<ll^Jjl <Lr> jt <jj\jjj 0 



0* — 



. L _j.Hk, ^S-^j.IS-^ ^L.-.Jx JkmSi AsM iks.ji 



u 



^•UiiJI Ssljj^j ^Udll <Uj iuUJ 



A.Vv^.S- (American Welding Society) 
A.S.T.M. ,-pUi! o l .U^-n/ '.tA^Vi 
{'Auip.i-icaii Society of Testing of Material) 

I.S.O, « 1 1 n .. I • in 

-V»LL«_ll 1.jU~=I ill 

rjTM 

JIS 
GOST 

jslv^l sift j®fe| _^L l^wi 7!^J,ijrJSO 



— ij^ 



a iJi • — 1 1 :\. a I ai 



3 


2 


1 


0 


£ ;\J\ f y 


nc j ac 


DC J AC 


D.C.R.P?^ 






— cL 






Digging 




<_£ uiii. 






deep Z'-t^ 










liigli yr-lb 


0 3 » sJI 



Extruded s 



•Reinforcement <Ck 4isUI -x. siJI 



•Dipped ^AJi 
cil — I! clkii) SaU ^ ^Je mJI \ '$* 



• <Ullt j_, _LU ^^j, olj Sili 1 j 



^^Jliil cib^ %-<#J1 felt! _ (j 



-J — L.' 

A.S.T.M. 



reverse polarity ^IkiVI R. P. <k=OU 

,(j ^_,vo y ijlaj *\ • ♦ • ♦ - - vllJ . Jl <:h* 

1 ^Lilll ^iu^jl ^Imsm dLoJI 

. ^UJl JUH ilia J 

4 jjlLujjj] olL-al^I,! 



° J — j^l CjVL^JI ^j^--. (J ^Ujl 

J^. p ^1 ^j^JI E439P Jlio >l 

^ £>l (jl [ieneLration ^1 _/^. v JI 

• deep penetration jv^l ^ <] 

D A j R _,! £ ^j* 0 & bl 



e 



\ 



M <lla. J iW", H D-A90 — 2 



4 Ilk ULoii ^J^iJU dLJIj CmISII 

D— A 50 _ 3 
D-f-A/0 _ 4 
* — i — iliiil ^1 (_S D ~ I ~ '1 0 0 — 

n -i- a 70 



e\ ' -H .. I • tkl -.It '.' 



-: ,XU 



i3j <j iiii_Jl « Lkc. ._ 



L5 



7> 



viiL 



_ : Recovery J <jJl "<Lki J 



i_» j 



,tll ^UlII c 



ij) ^j-lv. Jjj /yj^jil li*j) 



t ,< ^iil c/>U »> "F" 111 dlLJI £>d 
Horizontal "H" ^ j tS J*^ 
Vertical "V" ^ J* ^ij 

vertical down "D" ,_U-J J .-,1, 
Overhead "O" ^t^l 

V 5.0. plX.j$\ M dUI _ o 

F.H.V.O. ±%m ^_='u, di_Ji _ i 



r.ft. 



F 



F. Hf Fillet v/cid orm 



#1 - 3 
<h* dLJi _ 4 

— ^U 1 c£?3~* t> <y^ ! 

- i — ftjSi 

- r' ' ' — ft 



L U,- — i.i jLili Jx. ^Jbii ^^Ji 



L US 



aJLI MkSJL J^U dU-JI^ 
-.llli jUiii J. J^l^, D -i-490 _ ! 



Jpj il! . ; U!I _,l ^kiJL J^i, dU f _j 

5 j '^j 1 u& £>) tf k A.C. 



^1 



u 



- 



R, 



\e.ca Vqjt 



i IteJ^i ^Lkill Recover^ ^ I dLJI 









ASTM 


f i j«* J 1 i . Ivftll • (_l.»Vi«i jil'vlli i'II... ^ 
1 ; • !j; : _J L 


F.V.O.H.O. 


, «4 a-O «— 3 *, nJj.LJI , .(It 

^ ' ^ ■■ ( J 


E6010 


(R.P) D.C. j\ A.C. 


F.V.D.O.H. 




E60U 


Ua£L_o,o l_llk2^i D.C. ,1 AC \\ V . 

Jl (S.P.) Straight polarity 


F V DO H 


1" li -1- -11 I! 


Lot) 13 


fc^(S.P) D.Gc*Aill jLill JU^U 


F.V.D.O.H. 




E6015 




F.V.D.O.H. 




E6016 


# A.C. ,1 S.P) D.C. JL-^U 
jL-j^J! F J U 1 Hf weld 

(S.P. or R.P.)D.C. ,1 A.C. 


Hf.F 




E6020 


(S.P. or R.p.)D.C ,| A.C. 


Hf F 




E6024 


Hf j (S.P.) D.C. 3! A.C. 
(S.P. or R.P.) D.C. jM.C. 


Hf.F 




EG027 


(S.P. or R.P.)D.C 3 \ A.C- 






E 603C 



f 



I . J- 





■J-i . . 


R S 


DTN 




A.S.T.M. 


Tet rare - Alf lex -fluxend -FOXCEL 












OK 22.iO_CPERVIRP 












ripe uric ii, ^LC-f\(?Koia 












Zell-HC-24 etc. 


D«ll 


El 00 


ti viisr" 


E233CI0 


E6010/I1 


Figearc, Veriivick- Alf lex C47_ 












Vodex-Fonas GVL elc. 


~DZ3I3~ 




ti VilM ' 


"E233RI4 


E60!3~ 


Safrail- Rail Amsa72 


CU316 


D616 


KbXHIS 


Ei55 


E7QJ6 


Basicord R. 








BI5/5 




Blue-grey-SEOliO 


D5026 


E63£HK 


KbXillS 




E7028 


Ouclilend 150-Hcrmees 








EM'S 

















Ruliie 



-ill ..i^l 



juajcii ^ ^jj u£*uui *-5jau3u 



•I- -w 



4,1 



» — 

t fa.-:fl 



« pi! 



ci^uji ^ *iU ^L^. _ U Spatter 

x>l &UI I^iv ^jS-j _ o-Vti. jolaill <LLa_jJ 

dl Ji ci^Ui— i J^n-a deep penetration 



R.P.-l-Ve L-.kiJU d 



L*s~*k ^UjYI J Fillet weld L£ ^ 



g lit Til I 11 1.1 

^ ^Sl^ J^, ^ JU^l ^ £U,VI 



\ 



—C. ^W.; i! 



_ Jl ^■ijlii J IteJI J^4l oUlaJ 

■ik.J ^ImJll *J~a« ciilS lil Lola* 



adll J deep penetration 



■ Fillet .^—£^1 



A iLi dlJllj dlL-JI <-ijL Jjf- C-lLui] 

^J* 3 Ur***^-» ili^j lifcjii dlLJI — ^JU^U-^I j^s^j 

^ Jsl Impact jl^j ^kiii 



^L-ill liSj (R.P. or S.P.) D.C. 



_: ,1 

j — gli-o jj^Sj Uj>jc j o j^-sj JoVi...^ 




'iiL 



cIj^ Jl cl»j*\.H jj> 3 



^0 jjjjb-ilijll J>.l— >S jl L»il— jl ^ j)"l-V I 

♦ OhI Jl 



— y ^ ^ 

^ — ^iil . lU-^>i _,L.iJl <Jbv (J_j 

S.P- UU1I 3 i R.P. ^^11 ^JailL 



C5" 



.^1 



Lis oSl 



— M'j) V id— ^1 _JI ^L=JJ L^lii. 

• o ^1 

^ -.ixjl'^i — ^ — ,^^J| jij^Sji clkc < 



— '■ 4 ajlua 



cl U ^ dlJ-JI O o ^^Jl li* ^ U UU 



^oSj ilui. ^r,".\,i i 'r. /. < C 



j— - *ji m- 



^UJ i^k J^-_, oj-J^, Ripples cl jjr^ 
(S.P. or R.P.)D.C. ^UJI jUU ^ 



l_J _ 0 ^.\ r^Uj R.P.+Vc 

3 ^i&ll ^ A.C. jkdi J JUcj 

iJi_jC- vllLJl 1^* 03^-' ij' 



.VI -I ! -.1 j . I 



JUL ^kli 



■ M i 1 1 t * I ! " J I 



. : a 'Vi n ja-A jit 



G,D, V & F ^U^l J <JU^J 



(ji^j) ^^-^ -L_jj>l<i tljjij! ^4 clLt ^ixn-J 

J£ i_3 LaJ 4.k^j^. Ripples c^ijlji 

4 i ^ is* j — ^_io ,j ^ n^o^ ^i-lUI Joj^ 

0j> Still olijLjjlLI "Lolc- -UjljU 

,_Lb dlSS Hot and Cold Crack 

■<i lis n 1 ■•! i mi 1 1 •• - .. i 

jitAI u>*«J> 'L^i^J ^y—ni' 1 jjj^L! 0J J>r JCWM ■ e 

J v — .b* _ ^^Vl pi ,:\M ^ ^i. ^ 

V—UJL dLJ! J..^, I SI I^i4 D.C. c^lil! 



Lot.'.' n/rf 



o 
A 



( i \ i) 



-oS ^liill JZ*{ jj&xi <-i_jikll .X=J| (jjt 



under cut ^Ull 

<-_;«£, jlS Ji.U jSljll jUI 



i_j — ij ^lalll uiLj jLs jlj UK 4_iU Liil 

• 4 cuiL 4jxj^j "W^ill o^ljxil 4-ilJ^i o^Lj 



U1 



^ *]]'! dLi Ljl j U! V Ji *v 4& 

- — ".y^ 8 \* 0j?^ u' 1 v*?^ <J$*N 4jj^i ^L^j ^vo 
Jij JoJI iJ.-Jij dJ_JI jju ^jl^jl dil* UK <tiV 

_^v_ibJI j^jUJI >JI jp^ljtj ^1 

_: ^ „UI 



j^i^ji duii ciuj uuii ii^Lij 6%j& 



it VI isJI U^j ^i^U ^UJJ! 

^k^jdcep penetration^ JiJ.^ c5 k»_i d! 



(-5 



iSl jfl jUll ^ ^Uvlil 4^£ J 



%* 


\- 


0 ♦ 




Wo 


\r. 


*\« 


r jv 


\o. 


\A. 


\** 


i 


Y • • 




\ O t. 






i * * 


X* + 








X;0* 


A 



Fillet weld ^ J\ ^WJil <i Ul 
^Ji^ Leg length ^j*-^ ^ c, ' u -'^" 1 
. r* 1 '" ^ 3j — ilL. I — throat length 



J^L, Jite ( Butt weld 



I s ■ 



\ 





/ 



\ 



\ 




*&b&i1 WLMj> Fillet weld Butt weld SI&4JI 



Butt weld 



..it ij 



Fillet weld .iS ,11 »U 



US 



111 



r 



iv_ 



\3 



Flat "F" 



! 

t 




: .a*. — :J]\ oil— i-o a F 1 441 



Butt wc!d 



r 



j 



,K lib US cOl^JI 

Lap weld ( a fV v ) 





— V* ^ — ■ ^ J Lfe~" j 



Joggled wr-Id i! ,jsL-v a!-J 



Single fillet '-^ ,> ^sS, 



double fillet l ys$aJ1 ^ ^UJ 




/liny) 



(BUTT WELD) ^^V^\\.icV_^\\-^i^,^\. 



Gap. g • in- 



Root I<jce 
t' in 



Thickness 
t in 



W 3> S V\/S 



TYPE 



a — -i— - 
a 



\ i / 



1. 



> i 



Xy \ K/"< '..>-,£- x 



4r d T 

a = GO (Fj Hal C— - 

,\ VVrl.cal (V) t-"^ 

a=70 (H ) Horizontal ..v»l.n'.-,p.^o^,>'M\ 

a=0 Overhead (0) v^-A SS» fe-^J** 



I±± L 



7 



± 



1 



\ t 



sir a 



Am 



■i s r 



A. 

7- — ' 



i \ 



***** 



-: i i 



■ ^ n 



G 



2LU 



^ fr *' 



g— — / 



I It ; 



— r- 

f -o\ X = r 
*1 



g - 



is- 



73- ■ 



-a— v 

7 



fa i ill*-" J 



- a 



(BUTT) 





i 


i 




°- v\ u - Y\ 


- 




g — 




Z L . / 

|^» - » »■ 










4 


(BUTT) <AiJ^«;V_=i 


i 

I 


i f 


^^>\ y.\.K 
£ fV-W.-M ■> 






/ 


<J 




.kii 






_ 




i 
\ 

1 ! \ 




i 



1. A 



A 



l in 



•4 



J -> s ( U ) «*-%^ J 




-5 S 



" v it> - 



-a- 'k & -~ ■ 



o jxa ^ILi ^ajx. oU-l ^c. ■ . Ijjj 

.1 *l il l jj^o lifilo 4 li. .jl jjj \$ Vj f, J., ■ .1 



-ui c ^ojj~JISJI ju-i jS 



C<* {Jr?' ^ ' ■ -3 * ^ i> J 1 



C 



i-ij). (jlS<i ^ Ujju.-r.j^ l.UmJI jjLL* /,c U^Ujl 

' J* — * l^' -^J^' ^^-f i^ 2 *^ ell.L tiioa. 



13 




<L J y> ^UUI Li^J ioj^UI Sj! __^JI 



li^-i ^Lwiil Aikio j^^ij j n-,^j 

y ( oi-^-V! i^U <j v li„. JL^ ) J\c L^j, 

c5a1I ^\ ^. ^jSi] 
f~ — M\ ^> ( S^i) ^1 j 

t5>oil cl_j4.ll Jys.i ^fjSJI «>o ol^la-l^U 



1 



^1 



*lilj_3 tJ t'Vllo 1..oO Jjl a cLLJlj oILia/» ijjjlil 



••I 



I •II . • .11.. . Ml lil 



<iil yg&s ^ /i c iuji d ujs 



I— 1 .V 



ts**^ 4 cr^"" u**t^ 

♦ I4J.U ft jf «3 ^ ---"i JlU lisl 



; Ml »| . j 



Uiii Jolt <k_J 



4 A« x „Jl$j 



Ci f'jjj j 



JM_A jdUUI J! ^yUl ^ ^iu^i 



villi* _j 4 "-Jiji^UjI i>jfii>.l j *» M.iUVI Jaiv 



( O2. ) z c** 1 



\3J 



^jvs-^jS j*jM j /i^-Ui *jlj^ "^jJ ijLjJj ^La-uVI 
^fi'jjj isk^au yjl'j*ss»^fl j^jit jc-L_jj 

J— ^ ^ 4^1 gH* ^-SjNI ^ 

• /A^ r ^1 ^ 0 >Liill ,>o 



cU*il^-Jsl j^ fe| CjLI „VI o .'-" j 



Ml I • .. 



s«y] »L»».VI 



* - %- 3 — ®^j>jll ^* t^Ws* ^ jiil "L^b ,><ij 



[a1 ou »k_vi jij nji 0 « ^ 0 vi 



v> iU! J^dL ^k^VI U> J^JI ^1 



U»-<} i-v ■ ■ . t jj5^_ J VI ^jlo U 4jl »L_j1 Qt> 

u— ^ <J** <_y^ u^^*^' i> J^sij ij^W^I 



jUJI J f&s^W Lili cJjw^ L-, US 

<• ^KffiJjgJ] ilijia, civ^ii ^U>V! oUL^=>.i 
a jal^JI oLI JLju~Ji jJojuo ^1 ^ -U".. ., . 

— II \o iok — i Cj — =d jUJI I j^_. »L«],lj 



ac-jU obi 



^Li-li dl-iiS .ol JvV». 



J U 1 3^ '-UaL 



ij i—iljoj) ^ — ,y ^&»St « 
^L-^-VI ill J^—i .jv^^jVI 4j|_jk^t 

,_S ^UuVI lil jkJ U»3 j,l t dUiS cw! 



jjj) — Sli ^jl J<x»JI tUul UqjIj tj 

<-i2L ^ £ S«-ii dilj jiu IjvA 

J 5U ^ cf* 2 oUtjja-««VI J^ili-i-«iVI 

J <i CaliJj.ll ^ ^L^' ^^Jt oLlI J) lr...-*yi 

^iLil Cj t _iJI ^yll ^ 1 i. ..Vl CjLiI j)S-> . ol 

^LLi £L\ 1} jS. Aij JA dij ^jj, il 

ojL. j Lj_ii i»A_jJi jlijjj 4jl iVI .r. 



^_^l o^Liij ^....^aJI uJj ^UJi 

->u Cl5 jiii vsj.1 ^ 3 y yo 



■fesdlj <Lj ^jjll ^ift ^ili^ y>j Q^J^L 



ill 



jUJI ^ dkW^VI 0 IS pU ^j^UI m j& 



l^iic-j l^Vifil iajjJI £c_uli<i j\ a^\ssA\ Ci^ V I 
* la jLij iJU dJJi jOo-j jj^Jj 



« .. i -.<• i . n 

k j — *l ^l}-* l L«U j UJ I ' — iji-— _«_! 



£=Jio dlJi Jc t_«jJ!Lj j^j' jjji jl jl — vjI! - 



A'! Say 



^rjl ,_JI 



r 



<_>- 



* Jl^J. i 



^_ii \o ^ jg^^vi ^ju. j ^>o,) 

^jAoiJ ^1>U jl^ >bI_«^ ^>jL ^"i ^LsJjl JUti 



\ 

<jl_jL o\ jljJ) Cij— o 1 C £> _^LxTi._j o_^_sS 

jj-Q-il ^yic- <ul jl-i- I ^sIa^ ^alt i'uA ill. >|| 



•." „ i !l ^ -I'll Id I ] "■! 

o j. JaiJ] 4 — lla. J 

^ Ijlllft £_jSLi AiU Ulj^ jUJI 

L «i i '.U : . «?■■» i •• " I. .IH 



IT 



•Li 



■ fun ii 



O^^HJJS iiv "(J6>\^ 



fn.) 




tout 



IMIC1 



SpniNc ~ 

-SiWr ,(«nr> tegulatur-iuasle />/jk- (trltnnatic) 



( rv si 



. |£ jx.^ Nut ^(j^g ^, J# iu! ^k^VJ 



JjS-U^ <L.a^j Jaj_£-» Jjdli-i— -i="<~ a ^j-ailix 1*1 

^_ Syj J\ ^i^j r\* JS^JL US 



cr 



Jaj ^-jl ^£ ^L^JJI c*LL«J <x_HI i»_yL«kJ1 



I 



'■>£jf press ur 



o hi, ...nil CliJtatat Jji — JiJ os — Si! 

* ji, ^aJI ^j-li — J-ill isjwsjj 



_ I jl ill i n ... i j-cij jdjliljii 

Jai A. jU.-i_,l jUJL, ^Ulii JUc-i Uki3 



' o- 



i u- 



<U ^iL. t _ J «^ ^Ja! jiJI 



II II 



\ •- 



it ill J=v» 



. , j>jU jMI J-»J ^Jlia-LaJl J j> « i*« \o 



I II . .. ill 



(J 




^"Vj Aiito caliS til liij^Vtj 



Ll^-U |lA.«>Q <l_i-j 



j — it 



, ail It - oj l , i^tfi lsv jW ^aaaj-i illJ J 



J««Ai! si -all! ,.cU-^ X* 



sli ' .Xo Lxl Jfr uJi^i^jii jj«JI Ij^j] L-3J — ->"»"m '1. ^ jxii^xLi 

^jlial _jLl ^ol ~\ 11 4«,.->lj?i> Ast~exi ^1- .-. . ■ " ■ i a 
^jSj U . V i -^ ^ & J<tLJl il^aJ ioiae j^lc- >alaJJI J* i<i 

^jliivj — .1 jjSU-i I 



_: i^Ul ckULl 




** WKOLf KT Of IIM 

Cg T l a 



r- 




r ore lie 

JS J *_0_jL>j ^jg> ifwO ^qI t v 11 1 t_l" — j Sv 'i » 




owe MixfB ron 

Of Tiff ttt£» 



HrawM out* 



H(AVT DUTY TORCH 



TIP5 WITH 00OSCNCCV 

»HO OHt 0« UO«t MIHtRS 




m 



jii — ins ^A- 



^1 




r L>5l j^^ljjc f Ujl 



6 



Nozzle J*~£t' 

LJvjI j «Ti1->. J _jj "WlsJ ,jS<ij (Jjll llio Jl 

dlliSj L^jiLa^-i — .Sy^i ^Uw3 ^jSj Wut Lji-«i]i 



J*^ **** 




* •>; ■"■ ' ^yii- ^<lL 



4-, Aliio, 



<iLJ.l jl ^1 <> ^LJJI Nozzle 

j«UJ <J>_,k JUO-J iit JoaJI ^Ulalj wflilV 

I *s 




—TYV- fZj 

jLLll 4.1.^. 1 ^jjjSj ji^ ijj-^- 



'■1 



•,_P_Sjj ^jjjL^ ^j^- 11 <j>" u 1 J 1 Pi*^ 



c5 3 



(r\A) ^ij jS-iiL. US -v-j^JJl Jjklia j£i J.sU-d.1 



* — -<0\JI kj_^£iil_3 i—iLdl ^U—Jjj 




_r\A— JS-i 



a j ^ j — ^ ^ ~ , r> _?^ 



,1 >rJI 



i J jl 1_j4.Ul L> AjJ__o 



..X-^VJ i a_iV.ll 



.It ilil jj. 
-^J 

_ujyi 



CU1 



1 ^ oil 1 I 
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FORMULAE & CALCULATIONS 
USED IN INSPECTION 

In the course of his duties, the ins- 
pector will find it necessary to make 
some calculations of the strength of 
pipes and vessels, and this chapter is 
devoted to the presentation and expla- 
nation of the various formulae in gene- 
ral use. 

In all calculations, the main varia- 
ble is the maximum allowable stress 
and some explanation as to how this is 
arrived at is perhaps necessary. It is 
now generally accepted that the tensile 
strength of a material is, in itself, not an 
adequate criterion or the suitability of 
that material for high temperature ser- 
vice, i.e. for temperature in excess of 
650°F. in the case of plain carbon steel. 

Other characteristics necessary are: 

a) Sufficient surface stability to en- 
sure that it wil! maintain its cross- 
sectin-n in service. 

b) Sufficient structural stability io 
prevent the metal from becoming brittle 
or losing its original strength. 

c) Sufficient hot ductility to pre- 
vent brittle fractures in service. Various 
tests are conducted by steei manufac- 
turers to obtain this information, and 
one of the most important is creep 
testing. Specimens of the metal are 
subjected to different stresses at various 
temperatures and tests are continued 
for a minimum of 1,000 HOURS. Usually 
two creep strain rates or creep rates as 
they are generally called, are determined 



for each material: 1% in 10,000 and 
100,000 hours respectively. In refinery 
practice the former is used for equip- 
ment which can be isolated in the event 
of failure and the latter where failure 
would constitute a hazard to life and 
plant. 

There are three stages of creep to 
which a metal under stress is subject. 

The first stage comprises the initial 
stretch which occurs when a metal is 

subject to a tensile stress; this is nor- 
mally extremely smaii and usually 
neglected. 

During the second stage, the elonga- 
tion or creep strain increases at a cons- 
tant rate; the creep strain being gover- 
ned by the applied load and tempera- 
ture. It is from this stage in the time- 
elongation mmm of a metal that the 
stresses causing strain rates of 1% in 
■ 0,000 and 100,000 hours arc $$&8&ra& 

The third or final stage of creep is 
that during which the elongation or 
creep strain proceeds at a rapidly in- 
creasing rate until failure occurs. 

Creep is only of importance, how- 
ever, at high temperatures, in the case 
of ferrite steel, above 960° F., and for 
austcnitic steels, above 1.100T. Above 
these temperatures the stress capable of 
producing a creep strain rate of 1% in 
10,000 hours is less than one quarter of 
the ultimate tensile strength of the ma- j 

tcrial at the same temperature. This can / 

/ 



be seen from the graph illustrating the 
construction of the maximum allowable 
stress curve, Fig 35)2. 

The maximum allowable stress cur- 
ve is obtained as follow: 

Two curves, one of one quarter of 
the ultimate tensile strength of the male- 
rial, and the other of the tensile stress 
producing 1% creep strain in 10,000 
hours are plotted against the operating 
temperature of the metal. The combina- 
tion of these curves giving the least 
value of stress for any temperature is 
drawn and this is the maximum allow- 
able working stress curve. 



The use of the stress causing a creep 
strain rate of 1% in 10,000 hours is 
purely arbitrary but is accepted as affor- 
ding a good margin of safety against 
failure. During the past few years a con- 
siderable amount of work has been done 
on long time rapture stress; 

The curves of maximum allowable 
stress arc given in Figs. 2 and 3 that cor- 
responding to the creep strain rate of 
1°/ 0 in 10,000 hours being used for fur- 
nace tubes and equipment in confined 
spaces capable of bieng isolated. 
Fig. 392 Maximum allowable stress curve 

The curve of stress corresponding 




Fig. m 



Maximum allowable aires;? curve 



to creep strain of 1% in 100,000 hours 
is used in all other cases since it provi- 
des the greater safely factor necessary 
for equipment in more hazardous loca- 
tions. 

1) FURNACE TUBES 

Aprt from the normal stress set-up 
in the material of a furnace tube by the 
internal pressure, further stresses are 
induced by the differential temperature 
gradient, since heat is being transferred 
from the furnace gases to the fluid in 
the tube. 

Stress at the inner metal surface 
And stress at the outer malalsurface 



S *< 2P 



S =< 2P 



b'K 2b ' 

K2V-I 

b' 



Where P — Pressure in psi 
K « Ratio of OD to ID 



JUL. LKsk iiiO U1X ; lb dun- 



represent equivalent stress which is to 
be compared with the allowable TEN- 
SILE stress for the design creep rate. If 
the SHEAR stress convention is adop- 
ted, as in the following calculations, the 
values of S1/S2 in the above relation- 




Fig. 393 Allowable stresses for steeis 
(based on 1% creep in 10,000 hours) 
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^ Allowable stresses for steels based 
on 1% creep in 100,000 hours 
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ship should be divided by 2, and the 
allowable shear stress read off the stress 
temperature graph, Fig 393. 

These mathematically derived ex- 
pressions apply to a tube subject to 
uniform heat flow, a circumstance un- 
likely to occur in a furnace so that a 
safety factor in the form of density 
factor is introduced. In the calculations 
the mean heat transfer rate calculated 
or assumed for any section or tube in a 
furnace is multiplied by this factor to 
give the maximum heat transfer for that 
part. By introducing this factor into the 
expression for heat flow, maximum 



values of the tube wall temperatures are 
obtained and an extra allowance is made 
for the decrease in stress because of in- 
the expression for b'. It is considered 
that a tube has reached the limit of its 
creased temperature by its inclusion in 
safe life when the wall thickness has 
been reduced to such an extent that 
operating conditions impose a stress 
equivalent to that for a creep strain rate 
of 1% in 10,000 hours. It is important 
to note that these estimated stresses to 
not constitute breaking stresses, so that 
there is a considerable, though varying 
safety factor. It is thus required to 



determine an internal diameter from 
known value of temperature, pressure 
and properties of the material. 

In order to apply the following me- 
thod, it is necessary to assume a value 
for K, the ratio of the external to the 
corroded internal diameter of the tube 
under consideration. While no grat 
error is caused in the final result by an 
erroneous assumption, any large dis- 
crepancy between the assumed and cal- 
culated value of K will necessitate recal- 
culation. The calculation of the heat 



transfer rates, fluid film coefficients and 
pressure drop throughout the furnace, 
involve the use of complicated formulae 
which will not be discussed here. The 
values of these three factors for use in 
the following calculations can usually 
be obtained by reference to previous 
reports on the units concerned, or to 
the design data book if available. 

Methods of calculating re-tinu liirut 
of tubes and headers with examples are 
given below for the guidance of 
inspectors. 



METHOD OF CALCULATING RET1RAL LIMIT 



ho 



480 



Temperature drop through coke or scale 

Q 8330 
(from Fig. 395) = • = 



250 



250 



5.5 inches 
4.5 inches 
i,00O°F. 
894 p.s.i. 

8 330 



OF A SPECIFIED TUBE IN THE RADZAN1 
SECTION QV A CRACKING 
FURNACE 

Material of Tube 
External Dia. of Tube 
Internal <Jia. of tube 

1'cmp. of oil in tube (No. 21 in bank of 42 tubes) 
Pressure of oil in tube 
Rate of heat transfer, B.T.U./hr./sq.ft. 

i « i i i ; f ; : in. , 13. i . U./ Ml ir / i-j.i' ! _ 

Ca'cufated pressure drop irorn tube to coil outfe!= 
Process factor (from Fig. 395) 
Heat distribution factor for section of 

Itisiuiv-c (jrom Pig. oJO; 1^ A ij_ 

Assumed ratio of the external to live corroded 
internal diameter of the tube 5.5:4.75 
Temperature drop through fluid film 
fQK. 1.8X8330X1.16 



4-6% CHROME 5% MO 



.Y. 



A OA 



144 p.s.i. 
10 



i.O 



= 1.16 



- 36.2 



= 33 



= D 
*: d 
= To 
= Po 

= Q 

— £• Po 
= A. Tp 

— •? 

— " ± 

— K, 



= & Tf 



4 Tc 




Tube design pressure drop factor (from Fig. 395) 

Inside tube metal temp. 

= To + ATp -!- ^ Tf -1- & Tc 

- 1,000 + 10 -I- 3G.2 + 33 
Design pressure to be used 

- Po — & Po -f J & Po 

- 894 — 144 -I- (1.1X144) 

Allowable shear stress from Fig. 392 at T 4 (1,079'K) 

Metal constant from Fig. 394. 

Heat density factor from Fig. 396 

Metal constant from Fig. 397. 

Thermal conductivity from Fig. 398. 

Formula coefficient 

f a X Q X D Xa 

,.: b H 

4c 

1.12 X 8330 X 5.5 X .006 

-0.19 -I- 

4 X 220 

RATIO OF EXTERNAL DIAMETER TO CORRODED 
DIAMETER OF TUBE 
IS DERIVED FROM FORMULA 



1.1 



= 1.079T 



910 p.s.i. 

4,500 p.s.i. 
Q19 
1.21 
.006 
220 



-0.58 



= J 



= T £ 



*b' 

U 
'a' 



= 'b' 



the formula 



(S d ■*■ PJ-b' 
4500 -s- 910 

(4500 ■* 910 -0.58 
K2b' = 1.13 

log 1.13 G0531 
-Log K = ■ - 



2 X.58 1.16 

= 0.0457 

.-. K = 1.111 
It is now possible to calculate the 
corroded minimum wall thickness from 



T = 



D(K - 1) 
2K 

5.5^1.111 - 1) 



2 X 1.111 
=0.275 inch 
18 

== — inch 
64 

As experience has shown that 
eccentric wastage can take place in fur- 
nace tubes, an allowance for this is 



added. In this case it would be reason- 
4 

able to add — inch for this contingency, 
64 



making the retiral thickness and inter- 

22 52 
nal diapieter inch and 4 inches 



64 



64 



respectively. 
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Fig, 395 stress Calculation Metai 
Constant «b\ 
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Fig. 396 

Thermal conductivities V of 
steels 
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Fig. 397 Allowances for proctsi variations 

AT? - Process allowance on oil temperature added to allow for poccibJc increase In temperature for proCTaaScg. 
ATc -Allowance for possible (-oke deposit and resultant tem|>enituredrop liirotifrli roke layer. 
J =! Safety factor on pressure drop calculation* and pnwible Increase In throughput. 
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Fig. 399 Heat density Factors 



fA — Factor to account for variations 
in heat transfer rate along\ the 
length of the tube. 
Factor to account for variation 
in heat transfer rate from section 
to section. 

f A X fB = Overall factor to 
account for variation in average 
rate. 

fA X fE X f2 = f 1 X f2 
Maximum outside heat transfer 
rate around circumference of the 
tube. 

Average outside heat transfer 
rate around circumference of the 
tube. 

Can be taken as 1.50. 
— For shied use heat transfer rates 
as calculated for each row. 
For convection sections use heat 
transfer rates for each row pro- 
portional to the mean logarith- 
mic temperature difference for 
that row. 
The above calculations have been. 



fB = 



h = 



f 

Rm 



R = 



made using the temperature at the inner 
tube wall surface, when the stress is 
greatest, if it is desired to check the 
tube for the stress at the outer fibres of 
the tube wall, a further calculation must 
be made as follows: 

fQD (K - 1) 



(K -I- 1) C 



1.8 X 8,330 X 5.5 (1.111 - 1) 
(1.111 + 1) X 220 



19.8°F. 



Outer tube metal temperature 

= Ti + A T t = 1,079 -f 19.8 
= 1,098.8 " F = T 2 

Stress at outer Tube Surface 
Pi b* 



IO'-l 



0 



910 X0.58 

= = 4,060 P.s.i. - S x 

1.13 - 1 
The allowable shear stress from 
Fig. 392 at Temperature % = 4,100 p.s.i. 
from a comparison of the calculated and 
tabular stresses (T 2 ) it will be seen that 
the two figures very closely agree. 
2) FURNACE JUMP-OVERS AND 
TRANSFER LINES 
The same method of calculation of 
the minimum allowable wall thickness 
as that detailed above is used for these 
lines. 

Certain of the temperature allowa- 
nce calculations "however are unneces- 
sary since there is no input of lieat 
through the tube wall and b' thus be- 
comes equal to b in aii cases. The 
maximum allowable stress is based on a 
creep strain rate of 1% in 100,000 hours 
"and is taken from Fig, 393. 
"3) FURNACE HEADERS 

An example of calculating the mini- 
mum thickness of a cast steel header 
f§ give:: below: 

Header material 2% chrome. 5% 
molybdenum 

Outside diameter = 9.125 inches 

Thickness = 1.3125 niches 

Operating pressure in header = 
"894 p.s.i. 

Operating pressure corrected for a 
'casting, by factor 0.7 
894 

= = 1277 p.s.i. 

0.7 

Operating temperature = 1,000°? 
Corrosion allowance = .125 inch 
Allowable stress from Fig. 



l.WF = 5,600 p.s.i. 
From formula 
P I 



\ 



S D 

0.51 0.4 

T 

D 




9.125 



T = 



,5600 

i — 

T277 



+0.4 



93 



at 



T =0.955 inch + corrosion allowa- 
nce .125 inch, 
T = 1.08 inch. 

Where 

P — corrected pressure, 

S — allowable stress at operating; 

temp. (Fig. 393). 
D outside dinmfiter of header. 
T —- minimum thickness required- 
The calculation sliows an excess, 
thickness of 1.3125 inches - 1.08 inches. 
15 

— .232 inch or inch exclusive of 

64 

corrosion allowance. 

It should be noted that while the 
tendency is towards the use of cast steel 
headers there are many forged steel, 
headers still in use and calculations for 
this type of header are based on the 
lame" formula: 

P(D 2 4- d 2 ) 

S = 

D 2 - d2 J 



0 



BUT since the corroded internal 
diameter is required, the formula can be 
adapted to a more convenient form; 

D*(S - P) 

d = 

S + P 

The side wall of the header being 
cut away to accommodate the cross-over 
connection, thus detracting from the 
strength of the body, due allowance 
must be made. 

Header allowable operating pres^ 
sure or minimum wall thickness are cal- 
culated from the above - formula, in 
which a stress factor of 1.5 is incorpora- 
ted to compensate for loss of side wall: 
The allowable tensile stress used in the 
formula is that taken from Fig. 393 i-.e. the 
stress causing a creep strain rate of 1% 
in 1.00,000 "hours, divided "by the stress 
factor, of 1.5. 

Assuming the conditions to be the 
same as .those used in the previous exa- 
mple, the calculations for a forged" steel 
header of similar material and dimen- 
sions are as follows: 



d = 



D-(S - P) 
S + P 



$.125- (3733 - 894) 



*ii !<l 3733 +894 

d = 7.13 inches. . • • 

The minimum thickness therefore 



is: 



; 



=9.125 - 7.13 



= .997 inch or 1.122 inch with .125 inch 
corrosion allowance. 

This calculation shows an excess 




thickness of 1.3125- 1.122 = .19 incri 
exclusive of corrosion allowance. 

The circular cross-overs of furnace 
headers are not subject to the limitation 
imposed by a side opening, and the 
lamC formula can be applied without the 
use of the stress factor. Other sections 
of cross-overs require special treatment 
and used not be entered into here. 
4) TOWERS AND VESSELS 

The barlow formula is used for the 
calculation of the minimum allowable 
thickness of the shell plates of towers 
and vessels. 

P.Dm 
j. 

2SE 

The A.P.I. — A.S.M.E. 'Code for 
Unfired Pressure Vessels' for petroleum 
liquids and gases, which uses this for- 
mula, has been found by experience to 
be a most comprehensive guide for the 
construction of oil refinery vessels and 
is recommended. 

The following notes should be used 
in conjunction with the above code. 
With regard to the calculation of shell 
thickness the code states that 

"In addition, provision shall be 
made through increased thickness; for 
the loading, other than internal presr 
sure", 

It is not usual to take cognisance of 
these additional loadings when calculat- 
ing the minimum thickness of the 
various parts of a vessel for the purpose 
of certifying it fit for further service. It 
is accepted that allowance for impact 
loads, fluctuating pressures, wind loads, 
etc., is made by taking as the maximum 



o-V 



PD 



allowable working pressure, the normal 
working pressure plus 10%, that being 
the value at which the safety valve is 
set to release. 

Temperature differences may exist 
in various sections of a vessel and in 
designing such a vessel, the safe allowa- 
ble stress is the material is based on the 
maximum temperature. 

Safe allowable stresses are constant 
up to a temperature of 650 "F., But there- 
after decrease as the temperature in- 
creases. 

The Joint efficiencies used in the 
formula are those indicated in the code. 

There are five main types of heads 
used in pressure vessel design and are 
as follows: 

1. Ellipsiodal with a ratio of inside 
major axis to inside minor axis not ex- 
ceeding 3:0, the appropriate formula 



beiuH 



PVD 



2. Dished (torispherioal) 
PLW 



*f corrosion 
allowance. 



t = 



-1- corrosion 
allowance 



Consisting of a spherical segment 
(crown) having an inside radius not ex- 
ceeding the outside diameter of the 
skirt (flange) of the head. 

In good design the knuckle radius 
of the head should not be less than 6% 
of the crown radius and in no case less 
than three times the head thickness. 

3. Hemispherical 



i — 



4SE - 0.4P 

corrosion allowance. 

4. CONICAL 

PD 

t = 4. c. 

2coso<(SE-0.6P) 

When<=< is greater than 30°, the 
head should be attached to the she!! by 
a nuckle having the same proportions as 
those required for a dished head, using 
the outside diameter of the vessel at the 
point of attachment as a basic for cosrf- 
puting the knockle radius. 

5. W h A T. 

The thickness of flat Cover Plates 



: ./ CP 



* — U v 



corrosion allov/auce. 



S 



This formula should be applied for 
those cover plates not already covered 
by standard bolted blank flanges requir- 
ing type jointing. 

'C in the formula is a factor ranging 
from 0.162 to 0.75 dependent of the me- 

is given as 0.162 for pi ate rigidly riveted 
or bolted to shell flanges with full face 
joints, and for heads integral with shell, 
when in the latter case the interanl dia- 
meter of the shell does not exceed 24 
inches, 0.25 for flanged plates forged 
integral with or butt welded to the shell 
with properly designed interna! corner 
radii, 0.30 for flanged plates attached to- 
shell by means of circumferential lap 
joints, riveted or welded, 0.45 for plates 
bolted to shell flanges in such a way as 
to tend towards dishing the plate, 0.5 
for plates fusion welded to the inside of 



/ 



the shell. 

Reference to the code should also be 
made for calculations on vessel subject 
to external pressure. 
5) FLANGES 

The formulae given in the code for 
the design stresses in a flange with or 
Without a hub, while not being manda- 
tory, offer the designer valuable assis- 
tance, but a simpler procedure may be 
used by the inspector as an approxima- 
tion in order to check on the stres^s in 
flange and bolts, and involves an assum- 
ption for the value of the load on the 




gasket due to tightening the bolts. 

The flange of a manhole, nozzle or 
pipe may be treated as a beam that is 
supported at the outside diameter of the 
fitment, load at the pitch circle diameter 
of the bolts of width equal to the pitch 
of the bolts. The following example will 
serve to illustrate the method of appro- 
ximation: The manhole of a reactor 
chamber operating at a pressure of 1,000 
p.s.i. and 750°F has the following dimen- 
sions, Fig. 400. 

Direct load on cover bolts due to 
internal pressure 
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Fig. 400 Manhole door. Diagram used 
in calculations 
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in calculations 
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= Area of cover inside gasket X 
working pressure 

11X21.562X1,000 

= ±s 365.000 !b. 

14 

Additional load on cover bolts to 
compress gasket sufficiently to contain 
internal pressure (this is based on 12 
times Uie working pressure) 

= Area of gasket X 12 X working 
pressure 
j \]h 392,000 lb. 



Total load per bolt = 

Stress in bolt — 



r\ r-*r- (inn i rj/tn An*"* 



24 



area of bolt at bottom 
of thread 



The flange nifty be treated as a beaxq 
as shown by the shaded area in Fig. 400 
the beam being of rectangular section 4 
niches deep by 3.4 inches wide. The 
Width of 3.4 inch.es is that over which 
the load on one bolt is effective, being 
the circumference of the bolt circle divi- 
ded by the number of bolts. 
Bending moment 

= bolt load X arm 



= 31,500 X 2 



== 63,000 inch lb. 
Stress in the flange 

bending moment 

modulus of section 
Y — half depth of beam 

breadth X depth' 
I ~ 

m 

Stress in flange 
63,000 X 



v 2 



MY 



18.15 

= 0,950 lb. per square inch. 

As this stress is much lowei 



than 



per square inch at 7i50"F. for carbon 
steel firebox quality, there is a conside- 
rable corrosion allowance available. 
it) NOZZLES 

The minimum allowable thickness 
of a nozzle is determined in the same 
manner as the shell thickness of towers 
and vessels. 

AH nozzles or openings (with cer- 
tain exceptions) cut in the shell and end 
plates of vessels require reinforcement 
due to the loss of strength of the plate. 
A method of computation for reinforce- 
ment is given in the code to which refe- 



rence should be made, but in general, 
the amount put back as reinforcement 
should at least equal the amount cut out. 

Exceptions to this rule are openings 
up to and including 3 inch pipe size if 
in plate of 3/8 inch or less, and up to 
and including 2 inch pipe size if in plate 
exceeding 3/8 inch, after deducting cor- 
rosion allowance. These openings do not 
require reinforcement as it is considered 
that there is adequate inherent reinfor- 
cement in the attachment. 
7) PIPEWORK 

The minimum wall thickness allo- 
wable for pipes and tubes other than 
those previously dealt with, are usually 
calculated by the Barlow formula, but, 
in certain cases where the nominal dia- 
meter of the pipe is 4 inches or more 
and the thickness of the pipe is equal 
to or greater than 10% of the inside dia- 
meter, the lame' formula is used. 

d , / SE + P . 

t = - w 1 ) 

2 SE — P ' 
Calculations based on these formu- 
lae give heavier and safer walls than 
those based on the theoretically correct 
Clavarino formula, which expresses, true 
stresses, due to the pressure in the tube 
wall and based on the coefficient of late- 
ral expansion, i.e. Poissoh's ratio. Using 
a value of 0.300 for this ratio, the Cla- 
varino formula b ecomes: 

d , / SE + 0.4P « 

1 = - ( v 1 ) 

2 ' SE — 1.3P 
Poisson's ratio is difficut to deter- 
mine accurately, particularly at high 
temperatures, and the above formula 



should be treated with reserve. 

On no account should the Barlow, 
lam6 or Clavarino formulae be used for 
tubes subject to heat transfer or high 
temperature since they make no allowa- 
nce for the stresses set up in a tube wall 
by the difference of temperature; this of 
course mainly applies to furnace tubes. 

8) FURNACE TUBE ROLLING 

A considerable amount of research 
has been carried out by various desig- 
ners and suppliers of oil equipment, tq 
determine the influence of the type of 
serration in a furnace tube header on 
the rolling characteristics, tightness and 
holding power of this type of joint. Some 
forms of header serrations are shown in 
Fig. 402. 

The amount by which the tube is 
increased in diameter on rolling into the 
header bears a definite relationship to 
penetration of the tube metal into the 
serration, the original thickness of the 
tube wall and hardness of the material 
of the tube. This relationship has been 
determined experimentally and the 
results are shown graphically in Fig 403. 

From this graph the amount of effe- 
ctive roll for tubes of any size, wall 
thickness and material can be obtained. 

The figure so obtained represents 
the amount by which the tube would 
have to be rolled if, at the time of com- 
jniencing rolling, the tube had been in 
close contact with the header. A certain 
amount of clearance, is necessary to 
allow the easy insertion of the tube. 
With new tubes and headers, this clea- 



0 



f 



ranee is small, approximately 2/64 inch, 
and the amount of rolling necessary to 
bring the tube into contact with the 
header is taken as one and one half 
times this amount. 

Thus the total increase in diameter, 
or roll uf tube with a new 'header is the 
sum of the effective roll and one and 
half iitiiQS the Clewi/anCe. 

It is sometimes found that headers 
which. -have been in service, stretch. to 



-a certain extent, increasing the clearan- 
ce between a new tube and header. This 
clearance may now range from 4/64 to 
as much as 10/64 inch, and it is the 
general practice to make the total roll 
equal to the effective roll obtained from 
the Fig. 403 plus the clearance. In such 
a case the total roll should not exceed 



20/64 inch. Headers hi 



which tuc clea- 



rance exceeds 10/64 inch are usually re- 
jected as unfit for further service. 
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frig. 402 Typical header serrations 
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Fig. 403 Chart for use in computing tube 
rolling allowances 




Clearance — Header I.D. — Tube O.D. 
Total Expansion Clearance -h Expan- 
sion Factor* 

Roll I.D. = Total Exp. + Tube I.D. 
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NOTE: 

1. For Max. security the tube shall 
be neither under-rolled nor over-roiled. 



V 



2. The factors above apply only 



when installing a new tube in a new 
header, when tube O.D. & header I.D. 
meet the standard tolerance. 
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10. PROCEDURE FOR AN INSERT 
PATCH TO A PRESSURE VESSEL 
SHELL 



S H AM P H ER TO 30\ 




I — Procedure for fixing the insert patch: 

a — Measure the shell thickness of 
the vessel and locate the area to be 
patched. 

b — Be sure that the thickness 
around the area to be patched is not to 
be less than the retired thickness recom- 
mended. Then locate exactly the area 
that is going to be cut and removed. 

c — Cut out the located area of the 
patch with the corners of 2" radius. 

d — Cut out a tin plate patron of 
the finished opening before cutting the 
insert-patch, so that to use it as a guide 
patron for the right size and shape of 
the patch. 

e — Cut out and prepare the insert- 
patch as shown in Fig. 405. 

f — Fit the insert-patch so that to 
have a root gap after weld preparation 
not larger than 1/16". 

g — Fit to the patch radial stiffeners 
to the inside of column, and fit short stop 
plates on outside as shown in fig. 405. 
II — Welding Procedures: 

a — One qualified welder is to carry 
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STOP PL A TE AT^ OUT SIDE. 

Fig. 405. 



out the welding. 

b — Preparation is as shown in Fig. 
40G. Match of the plates from the inside. 



INSERT PATCH 




SHELL OF TOWEP 



Fig. 406. 

\ 

NOTE: 

ROOT GAP MUST 
NOT EXCEED 1/16 
AFTER FITTING, 
c ■ — Welding sequence is to be car- 
ried out in such a way as to minimize 
distortion and straining. Follow the re- 
commended procedure as shown in 
Fig. 407. 
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Fig. 407. 



d — Welding of the root run is to 
be conducted with gauge 12 welding rod. 

e — Welding to be conducted from 
the out-side, each pass is to be ground 
and tested for cracks. 

Use the Dye Penetrant Method. 

After completion of the out-side 
welding, the welding seem is to be chip- 
ped from the inside, and after testing 
for cracks is to be welded. 

f — After completion, the weld is 
to be radiographed, and the defects arc 
to be rectified. 

g — The vessel is to be steam-tested 
at the design pressure. 

1!) ALIGNMENT OF UNEQUAL PIPE 
INTERNAL DIAMETER: 

The recommended alignment of pipe 



weld joint of unequal end:-; at internal 
diameter given by AMERICAN STAN- 

T* A *pT~) J""":" "if* TIT:!? f i O 17 C 4 C" ~i T V) 5? TjTTjwii". 

i v /v.OiVir.j iftoA doi. l-lsiOO.) iinuCi .aSt.- 

tion-6, Paragraph (329, Base Metal Pre- 



paration for welding under section (a-3) 
Alignment, given as follows: 

"Alignment" The ends o'i pipe-to 
pipe, pipe-to-fitting, and pipe-to valve 
joints shall be aligned as accurately as 
is practical within the existing commer- 
cial tolerances on pipe diameters, pipe 
wall thickness and ou!-of-roundness. 
Alignment should provide the most fa- 
vorable conditions for the deposition of 
the root bead. 

This alignment must be preserved 
during welding. In case where ends of 
unequal diameter are abutted, and the 
internal misalignment exceeds 1/1(5 in. 
the pipe with the smaller interna! dia 
meter shall be internally trimmed m 
that adjoining internal diameters will 
result in approximately the same thick- 
ness as in Pig. 408. 

In no case, however, shall trimming 
of the inside diameter result in a wall 
thickness less than the minimum requi- 
ted for the service condition as pr^c- 
ribed in the applicable section Si 
code." 
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Fig. 408 
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BUTT "WELDING OF PIPES OR 
FITTINGS OF UNEQUAL WALL 
THICKNESS 
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12) QUICK METHOD FINDS NEED 
FOR PIPING REINFORCEMENT 



Use the equation: 
Schedule Number ----- 



1000 P/s 



If design pressure P d 0.4 P. 

then reinforcement is not required. But 
if P d ^ 0.4P, the method mentioned- 
below should be used to check the 
design. 
Examples: 

a. A 4-hr., connection is to he cu( 
inlu a 6-in. schedule 40 steam line that 
was designed for 400 psi. and 700°F 
Using A-106 Gr. B pipe for the connec- 
tion, is reinforcing required? 

a - 14,350 psi. 

p - (14,350/1,000) 40 :££ 570 psi 
= (400/570) P • = 0.7 P. 

Therefore a method should be used 



to determine the amount of the reinfor- 
cement required. Note that if the sche- 
dule number is increased to SO reinforce- 
ment would not be required. This app- 
roach may be more economical than 
reinforcement on large headers with 
closely spaced nozzles. 

b. A 3-in. connection is to be cut 
into an 8-in. schedule 40 service water 
iieader designed for 150 psi. at 120°F. 
With A-106 Gr. B, is reinforcement re- 
quired? 

s - 15,000 psi. 

p = (1,5000/1,000) 40 =2= 600 psi. 
- (150/600) P - 0.25P. 

Therefore reinforcement is not re- 
quired in this case. 

The advantages of the approach 
outlined here are speed conservative 
design, and reduction of the number of 
calculations required. 
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Fig. 405. 
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i4) WHEN TO STRESS RELIEVE 
A PRESSURE VESSEL: 

This nomogram may be used to qui- 
ckly and easily determine whether a 
pressure vessel must be stress relieved 
to meet the requirements. 

Note that the requirements for pre- 
ssure vessels dimensioned by the out- 
side diameter may be determined direc- 
tly from this chart. The formula given 
by the code is based on the inside dia- 
meter of the vessel 

t s= maximum thickness permit- 
ted without stress relief. 

Dl= Inside diameter. 
Do— Outside diameter. 



Para. UCS 56 gives, t = 



But also 



t = 



DM SO 

120 
Do -I 50 

122 



Which is derived as follows: 
Dl+50 

t = — — ■■ ■ and DI - Do - 2! 



then 



122t = 



120 

Do -2t -1-50 

120 
Do -1-50 
Do-!- 50 



122 

The rules for use of this nomogram 
are as follows: 

1. The solid and the broken diago- 
nal reference lines are to be used separa- 
tely depending whether the vessel i.s 
dimensioned by outside or by the inside 
diameter. 

2. The diagonal broken line 

Dl+50 
t = 

120 



is to be used when the vessel is dimeri> 
sioned by the inside diameter. Follow 
the veritical line downward from the 
inside diameter on the top scale until it 
intersects with the horizontal line from 
the given thickness. If the intersection 
lies on or below the broken line, stress 
relief is not required. 

Example: For a vessel 70 i inches ID 
and 1.00 inch thick, the intersection lies 
above, the broken fine. Therefore, .stress 
relief is required. 

3. The diagonal solid line 
t = B»-l SO 



122 

represents the maximum thickness of a 
vessel shell not requiring stress relief 
when the vessel is dimensioned by the 
outside diameter. 

h the intersection of the vertical 
line upward from the given outside 
diameter with the horizontal line from 
'the shell thickness, is below or on the 
solid line, stress relief is not required. 

Example: For a vessel 72 inches 
OD X LOO inch thick, the intersection 



nt ant 



i in e 



stress relief is not required. But Use 
intersection point for 72 inches OD X 
1.1/8 inches lies above the line. There- 
fore, stress lief is required. 

4. Note also the horizontal lines in 
the upper right of the nomogram label- 
led "A-285" and "A-212". These are ex- 
tensions of the diagonal lines which 
represent the maximum thicknesses for 
A-212 and A-285 steel that may be used 
without stress relief regardless of 

din meter. 

Example: A vessel 96 inches OD 

(or ID) and 1.1/8 inches thick requires 

stress relief for A-212 steel, but not for 

A-285 steel. J 



/l5) MINIMUM TUBE WALL THICK- 
NESS FOR FURNACES SUBJECT 
TO CREEP 

Fig. 413 and Fig. 414 represent the 
creep strength, F, expressed in pounds 
per square inch, for 1% elongation in 
3,000 hours as a function of metal type 
an4 temperature. 

Minimum tube wall thickness for a 
given temperature, pressure, and tube 
size is a function of the creep strength 
of the material, and may be expressed 
by the Barlow formula as follows: 
(P) (O.D.) 



t = 



2F 



t — tube wail thickness inches. 

P — pressure of fluid Bowing inside 

tube, pounds per square inch. 
F = creep strength of metal at 

given temperature, pounds per 

square inch. 
O.D. = "External diacneter of tube, 
inches. 



a function of creep strength and pres- 
sure. By reading the creep strength, F. 

p 

Fig. 413, the vaiue of , or "G", is ob- 

2F 

tamed from Fig. 415. By multiplying 
"C" by the outside diameter of the tube, 
the minimum tube wall thickness for the 
given pressure and temperature is obtai- 
ned. Values of "C" less than .02 are not 
given since the limit of tube wall thick- 
ness, regardless of creep strength, has 
been set at 0.125 inches. 



Example: Tube material — carbon—N^ 
0.5 molybdenum * 

Tube size — 4" O.D. 

Temperature of meta! — IQOO'F. 

What is the minimum tube wall 
thickness for this tube if the operating 
pressure is 1000 pounds per square inch? 

Fig. 413: Read up the I000°F. abs- 
cissa to the C-0.5 Mo. curve, and obtain 
a value of 12 at the left hand ordinate. 
The creep strength is 12,000 pounds per 
square inch. 

Fig. 415: At the intersection of the 
absci ssa 12 and the 1000 pound curve, 
read the value 0.042 on the ordinate "C". 
For a 4" O.D. tube, the minimum tube 
wall thickness equals 4 times .042 equals 
0.168 inches. 



For meta! temperatures below 
900"F., use the values for 90&"F. 

The following table gives the appro- 
ximate relationship between the oil and 
meta! temperatures: 

Typo ;if Ci\\ Metal 

Healer Temperature "P. TfiJftperaturs °F. 
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1150 
1170 
1100 
1200 

900 



Fig. 412 



950 
1000 
1005 
1050 




Fig. 414. 
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SG) TUBE ROLLING PROCEDURE 
PREPARATION 

The ends of all tubes to be carefully 
checked for a distance of between four 
and six inches, and all mill scale, rust, 
grease or other foreign matter removed 
from both inside and outside of the 
tubes. 

TIli c - Operatic 71 p^y \~} { * hijjpV 1 y niifi 

easily effected by grinding or wire- 
brushing with a small electric or air 
driven motor. The use of a ring gauge 
helps to check that all burrs and high 
spots have been removed. Mill scale on 
the outside of the tube will crumble 
under the pressure of the tube rolling 
operation causing damage to the tu.be 
bearing of the fitting and prevent a pre-^ 
ssure tight roll. Loosened scale on the 
inside of the tube will crowd into the 
working parts of the expander and cause 
flanking of the rolls and mandrel as welf 
as possible breakage of the tool. 

Before expanding, tabes should be 

wedges driven between Lubes and tube 
sheets or any other mechanical means 
to ensure and maintain the specified 
tube inspection and to prevent displace- 
ment or rotation of the tube during rol- 
ling. No spot welding is permitted; 



oil 



such temporary supports or blocks to 
be removed after roiling is completed. 
The tube bore of the fitting shall be tho- 
roughly cleaned with kerosene or gas 
oil to remove ail oil and grease or other 
protective coating. All rust, nicks or 
foreign matter must be removed. Oil cr 
I urease in serration will cause coke for- 



mation under the temperature and pres- 
sure of the operation causing joint to 
loosen and re-rolling will not be possible 
without rc-machining the seat. 

In the case of minor differences in 
lengths of tubes, determine the position 
of the fittings based on the shortest tube 
length and allow the longer tube to pro- 
tect somewhat past the inner end of the 
tube bore. 

It is important to start on either 
the inlet or outlet terminal fitting and 
proceed in accordance with the line of 
flow until the final 'joint is made; it is 
essential that all fittings be located exa- 
ctly as called for on the flow diagram. 

TUBE ROLLING GUIDE: 

1_ The I/D of the tubes should be 
caliperad before rolling. 

2 — The chart below shows cor- 
rect enlargement of 1/D of tube to acco- 



r: ; -r;-.: roll:'.'! !:'"!ir"!r yViU*!"*-* U^'W 

fittings are used the "Standard Fu.be 
Bore' ! will apply. The chart is also a 
guide to the correct enlargement of I/D 
for oversize tube hole bores, since fitt- 
ings sometimes expand in the tube hole 
section after repeated rolling. 

3 — As a precaution to prevent joint 
failures do not over-roii. 

Over-rolling may cause splitting of 
tube ends and flanking of the metal plus 
over-stressing the fitting around the 
tube hole section all of which makes for 
a faulty connection which may fail iii 
service: 
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Fig. 416 



NOTE:— - 

"STD. Tube Bors" equals a minimum 
of nominal tube 0/D+ 0.030" after each 
rolling operation the tube should be ca- 
Iipered to ensure sufficient expansion. 
If found that any joints are insufficiently 
expanded additional rolling must be 
meet reqd. dimensions. 

17. RETIREMENT OF OIL PIPING, 
FURNACE TUBES, CROSSOVER 
LINES AND TUBE HEADINGS 

The inspection department may re- 
commend the retirement of piping, fur- 
nace tubes, crossovers, or fittings by 
reason of excessive thinning of the metai. 



cracking, bulging, sagging or mechanical 
damage. 

However, no tube, fitting or piping 
is to be retired without the approval of 
the process superintendent in. charge of 
the unit. 

Furnace tubes, inside the fire box, 
and crossovers or connections outside 
the fire box, are retired on a different 
basis. Crossovers or connections outside 
the furnace present the same degree of 
hazard in the event of rupture as any 
other hot oil piping. Therefore, crossover 
lines and connections outside a furnace 
are retired on the same basis as oil pip- 
ing. Furnaces tubes, being inside the fur- 



nace, would in the case of failure nor- 
mally cause loss damage than a failure 
outside a furnace. For this reason a 
lower factor of safety (higher allowable 
stress) can be used in calculating retiring 
thickness for a furnace tube. 
Allowable Stresses 

Allowable stresses for oil piping and 
crossovers are those given in the A.S.A. 
Code for Pressure Piping. These are the 
same as the allowable stresses given in 
the Unfired Pressure Vessel Code, with 
a few differences at temperatures below 
G50°F. 

The application of these very con- 
servative stresses to furnace tubes ope- 
rating at high temperatures would result 
in very high wall thicknesses. For exa- 
mple a reforming eoil, 4" O.D., 5% chro- 
me, {% moly tubes, metal temperature 
I150°F, the allowable stress given in the 
A.S.A, Piping Code is only 2200 PSI. 
The calculated minimum wall thickness 
in such a case would be 0.68 inches. 



For tubes inside a 



mace, mm 



una 



v r. _ jc 
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nace firemen, such a high factor of safety 
is not necessary. Therefore Fig. 420 is 
used to find allowable operating stresses 
for furnace tubes. This table shown 25% 
of ultimate (rupture) strength, or stress 
to cause 1% creep in 10,000 hours (one 
year is 9000 hours), whichever is lower. 
While not so conservative as the piping 
code stresses in the high temperature 
range, I hie tabic provides ample margin 
for safety. At least one large company 
uses the stress to cause 1% creep in 
only 3000 hours as the basis for furnace 
V tube retirement. 



Pressure 

There are two possible situation 
which must be considered in calculating 
retiring thickness. 

First, calculate on the basis of the 
normal operating pressure, using the 
allowable stress for the metal tempera- 
ture at the normal operating conditions. 

Second for a short time both pres- 
sure and temperature could go above 
normal, from instrument failure or mis- 
operation. The extreme situation pos- 
sible on a furnace coil for example, wo- 
uld be to block in the coil and then heat 
it. There is no way to determine what 
pressure or temperature would exist, 
and hence no way to calculate the metal 
thickness to withstand the conditions. 

However, in almost all cases the 
maximum possible pressure is limited 
by either a relief valve or by the maxi- 
mum discharge pressure of a pump fee- 
ding the system. By assuming that the 
temperature remains at normal operat- 
ing condition, it is possible to calculate 
rhicHness to Witfestsivd such a tempo- 
rary abnormal high pressure. 

Now, these abnormal high pressures 
wiii not exist for long, as the operator 
will soon find it and correct it. So, in 
iheory at least, at high temperatures, in 
the creep range, the calculation should 
be based on one-fourth of short-time 
rupture strength. The creep stresses 
given in the piping code, and in Fig. 420 
would not apply, becuase the abnormal 
high pressure will not continue long 
enough to cause creep. 

The piping code makes no provision 
for this, however. So for piping or cross- j 

/ 



overs outside a furnace, there is no 
choice but to use the allowable stresses 
shown in the code, even though at high 
temperatures these stresses are lower 
than need be for a short-time condition. 

On furnace tubes, however, the 
retiring thickness is calculated two 
ways. Once, for normal operating pres- 
sure with the stresses of Fig. 420 and 
once for maximum possible pres- 
sure (as limited by relief valve or pump 
discharge) with the stresses of Fig. 421. 
The higher thickness is chosen. 
Uncertainty 

Some provision must be made for 
uncertainty in measurement, localized 
or eccentric corrosion, or stresses cau- 
sed by piping strain. These uncertainties 
are relatively less important in a thick 
walled tube or pipe as the uncertainty 
or the unknown stress would in most 
cases be a small percentage of total 
thickness or total stress. But in a very 
thin wall tube or pipe the uncertainty 
in measurement or the unknown stres- 
ses caused by piping strain may be 
relatively large as compared to the total 
thickness or total stress. 

To provide for unknown stresses or 
uncertainties in measurement, arbitrary 
minimum wall thicknesses are establish- 
ed. A tube or pipe is retired before it 
reaches this arbitrary minimum, even 
though the calculated required thickness 
may be such lower. 

For threaded joints, not covered by 
seal welding, a further allowance must 
be made for the metal thickness lost in 
cutting threads. 

These arbitrary minimum thick- 



nesses are shown in Table II. 
Furnace Tube Headers (Plug Type) 

For that portion of tube rolled in- 
side the header, exact calculation of 
retiring thickness is not practical. 

In practice, the same wall thickness 
as calculated for that portion of the tube 
not supported by the header is used. 

For the header itself there are so 
many stresses from forces other than 
the pressure that exact calculation is 
not practical. The recommendations of 
the manufacturer should be followed. 
In any case, regardless of temperature, 
pressure, or material, the following arbi- 
trary minimum wall thickness are reco- 
mmended for furnace tube headers. 
Tube O.D. Minimum Header Wall Thick. 
Up to 3i" 0.20" 
4" 0.25" 
4i" 0.30" 
5" and above 0.35" 

Metal Temperature 

In order to select the allowable 
stress, the metal temperature can be 
assumed equal to that of the fluid inside, 
for piping or crossovers which are not 
inside a furnace. 

For tubes inside a furnace, the metal 
will be hotter than the fluid, by an 
amount which varies with the rate of 
heat input and the amount of coke inside 
the tube. 

The following relation between fluid 
temperature and metal temperature can 
be used, if it is certain coking is the 
normal expected amount. In the case of 
very heavy coking, metal temperature 
may be much higher than shown here. 



Temperature of Furnace Tube Wall. 



Fluid 


Metal 


Metal 


Temperature 


Temperature 


Temperature 


Inside Tube 


Heavy Oil 


Light Oil 


°F 


°F 


i 


800 


900 


900 


825 


925 


925 


850 


970 


950 


875 


1020 


980 


900 


1065 


1010 


925 


1110 


1040 


OBSfi 


1160 


1070 


975 




1 1 00 


1000 




1 1 35 


1025 




1165 


1050 


i 1200 



Reference: G. Arrnistead "Safety in 
Petroleum Refining". 
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Cracks, Bulges, Sagging or Mechanical 
Damage 

A furnace tube in which the metal 
has cracked should be retired, or repair- 
ed. Do not confuse cracks in oxide scale 
with cracks in metal. 

Bulges, sags or damage must be 
given individual consideration to deter- 
mine whether replacement is warranted. 
CALCULATIONS 

Before calculating determine neces- 
sary operating temperature and pres- 
sure, and maximum possible pressure. 



Check these figures with process supe 
infendent. 
PIPING 

.1 — Calculate minimum thickness (PD/ 
2S) using maximum possible pres- 
sure, (as limited by relief valve of 
pump discharge pressure) with 
allowable stress at nolmai operating 
temperature, from ASA code for 
pressure piping. 

2 — Check arbitrary minimum from: 
Fig. 417. 

3 — Choose whichever is larger of (1) 
or (2). 

4 — Add corrosion allowance to find 
required thickness at beginning of a 
run. 

FURNACE TUBES 

Calculating minimum thickness 
(PD/2S) using:— 

1 — Normal operating pressure with 
stress from Fig. 420. 

2— - Maximum possible pressure with 

stress from table 421. 

Rg. 417. 

A— Choose larger of (i), (2) or (3). 

5 — Convert to terms of tube inside 
diameter for convenient use in 




field. 

6 — Add corrosion allowance in terms 
of tube I.D, 

Required thickness is calculated 
using the formula 
PD 

t = - -f C 

2S 

Where: T is the total thickness requi- 
red to permit safe opera- 



\ 



tion to the end of next run. 
P Is the pressure inside, pou- 
nds per square inch gage. 
D Is outside diameter, inches. 
S Is the allowable stress for 
the material at its operat- 
ing temperature. 
C Is corrosion allowance. C 
cquale the metal loss expe- 
cted during the run. 

PD 

is the minimum thickness 

2S 

to withstand internal pres- 
sure. 

PD 

Note: If the thickness as cal- 

2S 

culated is less than the arbitrary mini- 
mum thickness shown in Fig. 418, use 
the arbitrary minimum in place of 
PD/2S. 



CALCULATION FOR PIPING 
OR CROSSOVERS 

Example: — Visbreaker transfer line. 
O.D. — 6-5/8", seamless pipe. 
Material — 4-6% chrome 4% moly. 
T°F, flud — 850 °F. 
T°F Metal — Same, 850 °F. 
Normal ~] 

Operating — 240 PS1G 
Pressure _ 
Maximum] 

Possible — 550 PSIG 
Pressure _ 

Limited by 550 PSIG relief at inlet 
to viabreaking coil, can happen if block 

valve at inlet to reaction chamber is- 



V 



closed. 



CALCULATION 

NORMAL OPERATING CONDITION 
S allowable (piping code) 

== 12,400 PSI 
PD 249 X 6.625" 



2S 2 X 12,400 

= 0.064 inches (1) 



MAXIMUM POSSIBLE PRESSURE, 
SHORT-TIME 
S Allowable = piping code 

= 12,400 PSI. 
PD 550 X 6.625" 



2S 2 X 12,400 

= 0.147 inches. 
ARBITRARY MINIMUM 
For six inch pipe, table plain end 
pipe 0.15 inches. 

Of the three, the arbitrary minimum 
i.s the largest. Therefore, required thick- 
ness is 0.15 inches plus estimated corro- 
sion for the run. Supposing the run is to 
be one year, and 0.02 loss is expected 
per year, the pipe would be retired if 
pipe is thinner than 

t = 0.15" -1- 0.02" = 0.17" wall. 
CALCULATION FOR FURNACE TUBE 
Example tubes 147-177, soaker 
tubes in visbreaker coil. 

Service — Heavy oil cracking. 
O.D. — 5" 

Material — 9% chrome 1% moly. 

T°F Fluid — 890°F (estimated by 
process, dept.). 

T°F Metal — 1050°F (Estimated 
from Fig 417). 

p normal operating — 250 PSIG 
(est. by process dept.). 




P maximum possible — 550 
(Limited by relief valve). 



PSIG 



CALCULATION 

NORMAL OPERATING CONDITIONS 

S Allowable Fig. 418 = 8.500 at 1050'F 
P D 250 X 5" 

— = 0.074 inches. 

2 S 2 X S,50O 

MAXIMUM POSSIBLE PRESSURE, 
SHORT -T, " ,/! " 
S Allowable =1 100t) PSI from Fig. .-121 
P D 550 X 5" 



— — = 0.125 inches. 

2. S 2X1 1000 

ARBITRARY MINIMUM 
For 5" tube from Fig. 41 S = 0T3 
inches. 

Of these three, the arbitrary mini- 
mum is the largest. Therefore rccjuircd 
thickness at the start of a run is 0.13 in- 
ches plus estimated corrosion. To get 
the tube I.D. and roll I.D. at which the 
tube wiii be retired, proceed as follows: 

iuoe i.u. = 3 

2 X 0.13 = 4.74 inches. 



47/64 



The manufacturing tolerance on 
O.D. of tubes is less than 2/64 underside. 
Unless the tube O.D. is more than 2/G4 
undersize due to external corrosion, va- 
riation in O.D. can be ignored. 

Therefore — 

The required I.D. at beginning of 

run = 4 47/64 minimum corrosion 

allowance. 

If you expect 6/64 incresse in I.D. 
(3/64 per wall) during the run, the tube- 
must replaced, if it is more than 
4-47/64 minimums 6/64 = 4-41/64 I.D. 
In the header roll, the tube O.D. is 



alightly larger than the rest of the tubeX 
as the tube is expended to header I.D. 
the manufactures tolerance on header 
I.D. is 2/64 to 3/64 larger than the tube 
nominal size. Rolling may swell the hea- 
der another 1/64. To get the retiring 
thickness in the tube roll, then, add 4/64 
to the figure calculated in the tube. 

4-47/64 plus 4 « 4-51/64 I.D. in roll. 

We may find more corrosion, usua- 
lly in the roll than in the tube. Say 8/G4 
in this example. That tube must be repla- 
ced if it is larger than 4-51/64 minimums 
8/64 <— 4-43/64 in the roll at beginning of 

run ARBITRARY MINIMUM WALL 
THICKNESS 



Nominal 


Pipe Min 


1 1 IK* SEL b 8 "J i* ■« 


Piper Size 


Plain 


Thr ended 


H 

2 
2> 

3 
4 
5 

6 


0.09" 
0.10" 
0.10" 
0.10" 

0.12" 
CM" 
0.15" 


u.jlZ 

0.13" 

0.15" 

0.15" 

0.17" 

«;JL# 

0.20" 




'J.1.1, ■ . 


i\ tii ii 

• 



itr ft I H 



If threads arc covered by seai weld- 
ing, use valve for plain and pipe. 
HEATER 'TUBES 




Actual 

O.D. 

inches 


iUD€ ItliliilnUni wan 


4.5 or less 


0.12 


5 


0.13 


6 


0.14 


6.625 


0.15 




0.16 


8.625 


0.17 J 



e. 419. 



Allowable Operating Stresses in Furnace 
tubes, founds for square inch, 
based on 1% creep in 10,000 hours 
or 25% of ultimate strength, 
whichever is lower. 
— do not use this table for piping — 



Metal 
Temp. °F 


Carbon 
Steel 


5 CR. 
i Mo. 


9 CR. 
1 Mo. 


0-600 


15,000 


15.G0O 


15,000 


650 


15,000 


14,700 


15,000 


700 


15,000 


14,400 


15,000 


750 
800 


13,700 
12,000 


13,900 
13,500 


15,000 
14,500 


850 
900 


10,300 
8,800 


13,100 
12,600 


14,000 
13,400 


950 
1000 


5,800 
3,500 


11,800 
9,300 


12,700 
11,900 


1050 
1100 




7,800 
5,800 


8,500 
6,000 


1150 
1200 




4,000 
2,600 


4,100 
2,700 



Fig. 420 

Figures below double line are creep 
stresses. 

Figures above double line are 25% 
of ultimate strength. 



Allowable short-time stresses in Furnace 

tubes, founds for square inch, 
these stresses are 25% of the ultimate 
strength. 

— do not use this table for piping — 



Metal 
Temp. 
°F 


Carbon 
Steel 


5°/ Cr. 

r/o Mo. 

Gr. 8 


9°/ Cr 
1% Mo. 

Gr. 9 


0-600 


15,000 


15,000 


15,000 


650 


15,000 


14,700 


15,000 


700 


15,000 


14,400 


15,000 


750 


13,700 


13,900 


15,000 


800 


12,000 


13,500 


14,500 


850 


10,300 


13,100 


14,000 


900 


8,800 


12,600 


13,400 


950 


7,400 


11,800 


12,700 


1000 


6,900 


11,000 


11,900 


1050 




9,600 


11,000 


1100 




8,400 


9,700 


1150 




7,300 


8,300 


1200 




6,200 


6,700 



Fig. 421 

These stresses are to be used only 
with. the maximum pressure which could 
be attained by blooking coil outiet, to 
check for possibility of rupture, under / 
such a condition, S 



PROPERTIES OF MATERIALS 
CARBON & LOW ALLOY STEEL « 


Form 


Nominal 
Composition 


Specification 


APPLICATION 


?0 1 1 ni r 
i * u 1 1 1 u 1 




Plate " 




SA-283 


c 


Structural quality. For pessure vessel 
may be used with linritatioru sec note ; I 




SA-285 


C 


Boilen for stationary Krrvicc unci other 

pressure vessels 


C-Si 


SA-S 1 5 


55 


Primarily for intermediate and high 

temperature service 


C-Si 


SA-5 1 S 


60 




r . si 


SA-5 15 


65 


— " — 


C-Si 


SA-5 15 


70 




C-Si 


SA-5 16 


55 


For moderate 2nd lower temperature 
service 


C-Si 


SA-5 1 6 


60 




C-Si 


SA-5 16 


65 




C-Si 


SA-5 1 6 


70 




Flange 
and Fitting 




SA-I05 




For high ternptrsiura ssrvtca 




SA-lfl 1 


! 

ff 


For genera! sen$G* 




SA-350 


LFi 


For low temperature service 


f j 

Ok 




SA-53 


3 








n 

a 


i - 'or high temperature service 


CO 

e 


ICr-i ,'j Mo. 


SA-193 


37 


Fu: high temperature seme* 
3cii 2» in. darn, or icss 


~o 

m 




SA-194 


2H 


For high temperature service nut 




SA-307 


B 


Machine trait for gciicsal uiss 

















































1 

1 


* Data of liie most frequently used materials from ASKfE Cods Section II and VIII. 



fig. 422A 



PR©PERTIES 01-' MATERIAL (eooi.) 



form 


Specification 


1> 

Number 


1 L | OHL 

Strength 
1 000 nsi 


YiHrt 
I'ninl 
1 000 mi 




Notes 


Nu mbcr 


Gfiiclc 


PLATE 


SA-283 


c 


, 


55.0 


30.0 




1 


SA-285 


c 


| 


55.0 


30.0 






SA-S 1 5 


55 


1 


55.0 


30.0 




3 


SA-5 1 5 


60 




60.0 


32.0 




-> 


SA-5 1 5 


65 




65.0 


35.0 




3 


<?A-5 1 5 


7(1 




70.0 


38.0 




3 


SA-5 1 6 


55 




55 0 


"Wl 0 




i 

j> 


SA-5 1 6 


60 




60 0 


l" 1 0 





J 


SA-5 1 d 


VJ.' 


j - 


65.0 


35.0 




? 

•J 


SA-5 1 6 


70 




70.0 


38.0 





-> 


AND 
FITTING 


SA-i05 






70.0 


36.0 




2.5 
2.3 


SA-I8I 


1 




60.0 


30.0 





SA-350 


LFI 
LF2 


1 


60.0 

/u.o 


30.0 
36.0 






Id 

el 


SA-53 
SA-106 


B 
I! 


j— 


60.0 
60.0 


35.0 
35.0 




2.3.4 


o 

3E 

o 

CO 


SA-I'U 


1)7 




125.0 


105.0 


DIAM. A 1W 




SA-194 


2M 




55.0 








SA-307 


li 




55.0 






5 

























































































Fig. 422B 



PROPERTIES OF MATERIAL (com.) 



NOTES: 

1. SA-283 C PLATE may be used for pressure par Is in pressure vessels 
provided all of the following requirements arc inci: 

(1) The vessels are not used to Contain lethal substances, cither 
liquid or gaseous; 

(2) The maicuai is not used fit the construction ol uniircd 
steam boilers (see Par. U-l (c)}: 

(3) The design temperature at which the material is used is 
between -20F and 650F; 

(4) The thickness of plates on which strength welding is applied 
docs not exceed S/'8 in.. 

(5) The stce! is manufactured by the electric furnace or open 
hearth process or by the basic furnace or open hear ill 
process or by the basic oxygen process provided this process 
is permitted in the material specification. (Code UCS-6 (b). 

2. For service temperatures above 850F it is recommended that killed 
steels containing not less than 0.10% residual silicon be used. Killed 
steels which have been deoxidized with large amounts of aluminum 
and rimmed steels may hive creep nnd stress-rupture properties in 
the temperature range above K50F, which arc somewhat less than 
those on which the. values in the above table arc based. 

3. Upon prolonged exposure lu lemperamres .move about SQOt, the 
carbide phase of carbon sled may be converted to graphiic. 

4. Only killed steel shall be used above 850F. 

5. Not permitted above 4501". allowable Stress value 7000 psi. 



* MODULUS OF EIAST1CITY OF CARBON STEEL MILLION PSI. 
AT TEMPERATURE,!-" 



70 


200 


300 


400 


500 


600 


700 


800 


900 


1000 


29.0 


28.7 


23.2 


27.6 


26.8 


25.V 


24.5 


23.0 


21.0 


18. 1 



"From Transactions of A.SME Feb. 1965. 



Fig. 422C 
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PROPERTIES OF MATERIALS CARBON & LOW ALLOY STEEL 
Maximum Allowable Stress Values in Tension 1000 psi. 



Specification 



For Metal Temperature Not Exceeding Peg. F.* 



1 

Number Grade 


■20io 
(1 SO 


700 




■ nil 


AM) 


''00 


I 1 

950 




1 MM 1 


1 1 JU 


1 XU>' 


SA-2S.1 
SA-285 


C 


12.6 






















C 


13.7 


13.2 


12.0 


10.2 


8.3 


6.5 


_ 


_ 


_ 


_ 


_ 


SA-5 IS 
SA-5 1 5 


55 


13.7 


13.2 


12.0 


10.2 


8.3 


6.5 


4.5 


2.5 


- 


_ 


- 


60 


15.0 


14.3 


12.9 


10.8 


8.6 


6.5 


4.5 


2.5 


- 


- 


- 


SA-5 1 5 


65 


16.2 


15.5 


13.8 


1 1.4 


8.9 


6.5 


4.5 


2.5 


- 


- 


- 


5V5I5 


70 


17.5 


16.6 


14.7 


12.0 


9.2 


6.5 


4.2 


2.5 


- 


- 


- 


SA-5 16 


55 


13.7 


13.2 


12.0 


10.2 


8.3 


6.5 


4.5 


2.5 


- 


- 


- 


SA-5 1 6 


60 


1 5.0 


14.3 


12." 


10.8 


8.6 


6.5 


4.5 


2.5 


- 


- 


- 


SA-5 16 


65 


16.2 


15.5 


13.8 


11.4 


8.9 


6.5 


4.5 


2.5 


- 




- 


SA-5 1 6 


70 


17.5 


16.6 


14.7 


12.0 


9.2 


6.5 


4.2 


2.5 


• 


- 




SA-105 




17.5 


16.6 


14.7 


12.0 


9.2 


6.5 


4.2 


2.5 


- 


- 


- 


SA-181 


I 


15.0 


14.3 


12.9 


10.8 


8.6 


6.5 


4.5 


2.5 




- 


- 


SA-350 


LFl 
LF2 


15.0 
17.5 


- 


- 


- 


- 


- 


- 






- 


- 


SA-5 3 


B 


15.0 


14.3 


12.9 


10.8 


8.6 


6.5 


- 






- 


- 


SA-106 


B 


15.0 


14.3 


12.9 


10.8 


8.6 


6.5 


4.5 


2.5 




- 


- 






ft C A 

25.0 


25.0 


23.6 


21.0 


17.0 


12.5 


8.5 


4.5 








SA- 1 94 


2H 
























SA-307 


B 


7.0 


























































































1 

i 









































































































































* The Stress Values in this tabic may be interpolated to determine values for 
intermediate temperatures. 



Fig. 423 
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19. ALLOWANCE OPERATING STRESSES IN HEATER TUBES IN PSI 



IvlULctl 


Carbon 


2f% Chrome 


5% Chrome 


9% Chrome- 


18% Chrome 


lump. 


OlUGl 


In/ x * i 


in/ ti ^ i 


1% Moly 


8% Nickel 


r 


ol. lYllieU 










UJU 


I u,uuu 


1U,wUU 


9,400 


10,000 


14,470 


/ uu 


y,ooo 


l n nnn 
1U.UUU 


9,050 


10,000 


14,300 


750 


9,080 


10,000 


8,620 


10,000 


14,050 


.800 


8,330 


9,800 


8,070 


10,000 


13,800 


850 


7,500 




7,500 


10,000 


13,400 


900 


6,670 


8,965 


6,950 


9,750 


12,950 




5,830 


8,385 


6,400 


9,140 


12,300 


1000 


5,000 


7,750 


5,840 


8,220 


11,650 


1050 




7,085 


5,290 


7,230 


11,000 


i inn 




6,365 


4,720 


6,230 


10,300 


1150 




5,600 


4,170 


5.240 


9.350 


1200 




4,765 


3,620 


4,370 


7,000 



Fig. 424 



20. ESTIMATED METAL TEMPERATURE IN HEATER TUBES 



; 

Oil 
Temp. "F 


Meta i "i 'uiupera Lure 
Heavy Gil 
Moderate Coking (l/16"-3/l6") 

r 


Metal Teftiperature 
LiUie Coking 1/16*' 
Light Oil 
"F 


Up To 600 


700 


700 


700 


800 


800 


850 


970 


950 


900 


1060 


1010 


950 


1180 


1070 


1000 




1135 



Fig. 4.25 



21. PRESSURE CALCULATION — 
COLUMNS 
SHELL 

1) .. Maximum permissible working pre- 

ssure (MPWP) 

S X E X t 
= ■ = P in PSI 

R - 0.4t 

Where S == Maximum allowable stress 
value at design tempera- 
ture, in PSI. 
E = Joint efficiency. 
R = Radius — outside — in 
inches. 

T = Present thickness, in in- 
ches. 

Longitudinal Stress (SL) = 
P (R - 0.4t) 

in PSL 

2 X E X t 

HEADS 

2) .. MPWP (in PSI) for ellipsoidal heads 

2 X S X E X t 



K X D + 0.2 t 
Where: K = Factor depending on 
head proportion d/2h 
D = Inside diameter of 
the head skirt (inches) 
h = One half of the 
length of the minor 
axis or the inside de- 
pth of the ellipsoidal 
head (inches). 
MPWP (in PSI) for torispherical heads 
2 X S X E X t 



M = Factor depending on the 
head proportion L/R. 

R = Inside knuckle radius 
(inches). 

See tables below for M and K: — 



Table I: Values of Factor K 
(Use nearest values of D/2H; 
Interpolation unnecessary) 



L X M + 0.2 t 
Where L = Inside spherical or crown 

radius (inches). 



D/2h 


K 


3.0 


1.83 


2.9 


1.73 


2.8 


1.64 


2.7 


1.55 


2.6 


1.46 


2.5 


1.37 


2.4 


1.29 


2.3 


1.21 


2.2 


1.14 


2.1 


1.07 


2.0 


1.00 


1.9 


0.93 


1.8 


0.87 


1.7 


0.81 


1.6 


0.76 


1.5 


0.71 


1.4 


0.66 


1.3 


0.61 


1.2 


0.57 


1.1 


0.53 


1.0 


0.50 



Fig. 426. 
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Table 2: Values of factor M 
(Use nearest values of L/R; 



T 
Li 




M 


l.UU 


1.00 




1.03 


1 50 


1.06 


1 75 


1,08 


v nn 


i in 
i.iv 


? 25 


1.13 


2 50 


1.15 


? 75 


1.17 


3.00 


1.18 




1,20 


R 50 


1.22 


4 no 


1.25 




1.28 


nn 


L31 


O.iAU 


1.34 


f> nn 

o.uu 


1.36 


f; ^n 

U.pU 


- rt/w 


7 nn 


1.41 


/.DU 


1.44 


o.uu 


I .fit) [ 


'J.UU 


1 .'is> ; 


9.00 


1.50 


9.50 


1.52 


10.00 


1.54 


10.50 


1.56 


11.00 


1.58 


1 1.50 


i.60 


12.00 


L62 


13.00 


1.65 


14.00 


1.69 


15.00 


1.72 


16.00 


1.75 


16 2/3 


1.77 
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Fig. 428 
Wind Loading 

Wind Load (W) = I' X D X H in LBS. 
whore p = 20 for heights upto 29 ft. 

= 25 for heights (30) tfl Mfl) ft. 

s? 30 for heights (50) to 01 it. 
- 40 for heights (100) to (409) 
ft. 

Height above corroded sec- 
tion iii ii. 

Wind pressure in Lbs/sq. ft.- 
Column diameter in ft. 
Bending moment (B) = 

0.0027 X W % H .H SF 
Where SF — Average shape factor 
== 9.75 

Moment of resistance Z (when 
Outside dia (DO) < 100) 



H 



P 
D 



= ?I X r~ X t. 
Moment of resistance Z (when 
DO , 

> 100) 



100 X t 2 Xr- X7L 



Fig. 427. 
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Bending stress due to wind load (SW) 
B 

= % 2240 LB. I7in'-. 

Z 

Available stress to resist wind load 
(SA) 

= S - SL LB.F./in a . 

If (SW) is less than SA, the maxi- 
mum permissible working pressure in 
that given in formulae 1,2,3, whichever 
is the lesser. 

If SW is greater than SA, substract 
SW from S to give SP. 
- SP = Permissible longitudinal stress 
due to internal press lb.F./in-. 

MPWP (Combined pressure and 

Wind load). 

2XSPXEX T 



R - 0.4T 

22. HEAT EXCHANGER CALCULA- 
TIONS: 
SHELL 

MPWP for circumferential stress 
S X E X t 

= p = 

R - 0.4t 
Flange rating A.S.A. B16.5. 
BONNET OR DISHED END 
Torispherical HEAD 

2 X S X E X t 

MPWP = P = 



ELLIPSOIDAL HEAD 



L X M -I- 0.2t 



2 X S X E X t 

MPWP = 

KXD -I- 0.2 % 
Flange rating ASA B1G.5. 




TUBE SIDE 
CHANNEL 

MPWP for circumferential stress 
S X E X t 



R - 0.4 1 
Flange rating ASA B16.5. 

COVER 

sxt^ 

Flat P ~ 



Torispherical P = 



Ellipsoidal = P = 



0.3 X D 2 
2XSXEXt 

L X M -I- 0.2t 

2XSXEXt 



KXD -I- 0.2t 
TUBE SHEET 

The following formulae apply when 

Lube pitch is not less than 1.25 X tube 
diameter. 

Tube sheet temperature (T) = 
inside (1) -1- inside (2) -I- outside (1) 
-!- outside (2) 



in degrees F 

FLOATING HEAD TYPE 

2 XT 2 

MPWP - S 

FXG 

Where F = 1.0 

G — Mean gasket dia at stationary 
tube sheet. 
U-TUBE TYPE 

2 X T 2 

MPWP + S 

FXG 

Where F = 1.25 

N.B. The MPWP of the shell may 
be limited by tube sheet thickness if 



f 



design pressure of shell side is greater 

than tube side pressure. 

23. PRESSURE CALCULATION — 

VESSELS 

SHELL 

MPWP for circumferential stress! 

S X EX t 
p = 

R — 0.4c 



Meads 

MPWP for ellipsoidal heads: 

2 XS XEXt 
P = 

KXD + 0.2t 
MPWP for lorisphcrical heads: 
2 X S X E X t 



L X M -I- f) %t 
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